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SECTION 1. SUMMARY

1.1 BACKGROUND

a. The spot patterns produced by laser designators suffer from a number
of defects. The patterns are broadened and exhibit wander and intensity fluc-
tuation because of turbulence in the atmosphere. Designator spot patterns
also exhibit similar defects because of internal laser instability and motion
of the transmitter platform. In order to correct the latter defects, a system
is needed that is capable of separating the contributions of the several
effects.

b. Previous work at the Naval Postgraduate School (ref 1, 2, 3, app E)
and elsewhere (ref 4, app E) has demonstrated that the effects of atmospheric
turbulence on designator spot patterns can be expressed in terms of the
Optical Transfer Function (OTF) of the atmosphere. This quantity is the
Fourier transform of the spot profile due to the atmosphere alone. If other
causes of spot broadening are present, such as laser instability and platform
motion, the spot profile will be the convolution of the spot profiles due to
each of the effects s. The gpot profile broadening due to laser and platform
instability can then be separated from the atmospheric effects by dividing the
Fourier transform of the spot profile by the OTF of the atmosphere (point-by-
point as a function of spatial frequency). The necessary OTF of the atmos-
phere can be obtained by means of a slit-gscanning telescope system, which
views a point laser in the target vicinity from a location near the designator
transmitter. An additional imaging system, viewing the designator spot on a
target screen, from a location near the target, yields the composite spot
profile. Data from this imager, together with that from the telescope imager
at the transmitter site, can separate the various effects. As will be
described later in more detail, spot motion and spot broadening are separated
by computer tracking (image centering) techniques, applied to the data from
the spot profile TV camera.

c. Because designator lasers use short pulses, the previously developed
mechanical slit-scan techniques cannot be used. Storage imaging systems,
using TV, CCD, or CID techniques, are needed to sense the image for the very
short pulse periods, and provide the equivalent of a slit-scan during the
interpulse period. TV was chosen over CCD or CID techniques for this purpose
because of higher interpixel uniformity for TV.

1.2 OBJECTIVES

The principal objective of the work described in this report was to
demonstrate the quantitative separation of the relative contribution of the
effects of atmospheric turbulence, laser instability, and platform motion, by
utiliza“ion of TV imaging systems. The basic principles of this separation
have been established by previous work at the Naval Postgraduate School, in
terms of Fourier transform data processing. However, the previous experimen-
tal work there has been carried out with mechanical slit-scanning optics. A
principal objective was thus the verification that television imaging systems
can yield the same results as slit-scanning systems. The techniques were to
be tested in the laboratory, but be capable of implementation in the field.
The relevant field conditions to which this should apply are to include the
use of a uniform reflectivity target for the designator spot. However, the
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techniques should also be adaptable to the case of a realistic nonuniform
reflectivity field target, such as a tank. Also, although not part of the
required objective, the techniques employed were to be chosen, where possible,
to be extendable later to the use of moving targets. An additional objective
of the work was to verify the effectiveness of the equipment chosen for the
experimental program.

1.3 SUMMARY OF PROCEDURES

a. Techniques were developed and tested in a 135 meter long medium-
turbulence optical tunnel for the purpose of obtaining the Modulation Trans-
form Function (MTF), and Cn2 (a measure of the severity of turbulence) for
the path by means of a television imaging system. The system imaged a point
laser source at the far end of the tunnel, simulating a laser mounted in the
designator target during field tests. The television signals were recorded on
analog tape, then digitized and processed later. The recording techniques
were tested and found to be sufficiently linear. A computer data processing
system developed for the TV data reduction was tested on the observed TV image
signals.

b. A previously proven slit-scan system for measuring MTF and Cn2
and the TV imaging system described above were then used simultaneously to
view identical images of a point laser source at a distance. The images were
obtained by means of a half-transmitting mirror splitter in the telescope
output. The signals for both systems were recorded and data processed by
Fourier transform techniques to yield values of the turbulence structure
constant, an, as a quantitative means of comparing the results obtained
by the two systems. The results are summarized below.

¢c. The procedures for digital subtraction of residual background (per-
sisting through the laser line filter), in TV images of the laser spot pattern
on a uniform screen, were tested, using a Quantex DS-30 digital image proces-
sor. The data processing to yleld the MIF from the resulting background-free
laser designator spot was then tested.

d. Extension of the techniques, to the case of laser designator targets
with nonuniform reflectivity, was analyzed in principle, and found to be prac-
tical. Actual performance testing of this process awaits the availability of
a larger computer planned for future acquisition at Fort Huachuca.

1.4 SUMMARY OF RESULTS

Measurements of the OTF of the atmosphere made by means of TV imaging
systems are in agreement with measurements made through identically the same
atmosphere with mechanical-line scanning equipment. Also, test of the
recording systems needed for proposed field test measurements show that the
recording equipment is sufficlently linear to permit data reduction to be
carried out later. The general techniques are capable of separating the
effects of atmospheric turbulence, internal laser designator instability, and
effects of platform motion.




1.5 ANALYSIS

a. The Phase I analytical effort and laboratory experiments were
designed to establish the feasibility of applying the video image analysis
technique and to lay the groundwork for the Phase II field experiments. The
feasibility assessment required the evaluation of the linearity of the compo-
nents of the video recording system and also required the development of a
computerized data analysis program to generate the an data from the video
data. System linearity was empirically evaluated by comparing the output of
the video camera with the final output from the disc unit. The reproducibil-
ity achieved demonstrated the basic feasibility of replacing the mechanical
slit scan system with the video system.

b. The original scope of the Phase I study did not include the setting
up of a complete video data acquisition and analysis instrumentation configu-
ration. However, the availability during the time frame of the study of a
digital video analyzer, video disc unit and a desk top computer made it
possible to set up a complete, self contained an measurement system. The
measurement system utilized the same components used by most test ranges to
record and analyze laser designator spot characteristics. The availability of
the instrumentation configuration accelerated the generation of the supporting
software program to derive the an data from the spot imagery and the
results of that work are covered in detail in Appendix C. The results show
that a comparison of the measured versus predicted patterns will establish the
level of jitter attributable to the laser platform,

c. Improvements to the data processing capability can be made by con-
trolling the video disc and the tape unit through an interface bus instead of
manually as done for this analysis program. However, most of the currently
operational designator spot analysis systems use such a bus and the software
in Appendix C can be adapted to take advantage of that capability. Addition-
ally, a significant increase in the speed of the data analysis operation can
be achieved if a computer system with more speed and greater memory than the
HP-9825 is used. It is currently planned to use an HP-1000 for the field test
phase of the investigation.

d. The use of the beam splitter technique to compare the performance of
the video system and the NPS mechanical slit scanning system represented an
ideal solution to the path control problem. The commonality of both the
spatial and temporal inputs to the two systems greatly simplified the analysis
of the data. The data obtained during the comparison tests is covered in
detail in Appendix D and it established that the video system did not produce
any degradation in the signal data.

e. Due to a prior commitment for the video disc and digitizer equip-
ments, these items were not available to use in the analysis of the comparison
test data. As a result, an alternate data analysis method was used and a
considerably modified computer program prepared. The alternate method, as
covered in detail in Appendix D, demonstrated that a storage oscilloscope can
be used for analyzing the data and that a good approximation of the point
spread function can be made by recording a single TV line through the laser
spot and using it to calculate the one-dimensional line spread function. The
computer program generated for this data analysis is presented in algorithm
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form in order to facilitate its transfer to other computer systems. The use
of the digital storage oscilloscope demonstrated that, if data reduction
turnaround time is not critical, the video data analysis can be performed
using a $6,000 instrument in Elace of a $60,000 video digitizer and disc
system. For path weighted C,“ measurements not involving the high data

rate laser designator spot profile analyses, the digital storage oscilloscope
system represents a modest investment for the capability provided.

f. The conduct of the laboratory type system comparison tests repre-—
sented an interim step between the originally planned Phase I study effort and
the Phase II field tests. The successful completion of the interim step
laboratory measurements has increased the probability for the successful
conduct of the field tests and has also eliminated the requirement for a major
portion of the preliminary technique verification tests originally planned for
the Phase II field test program. The proposed field tests are covered in
Appendix A.

g. By generating the analysis programs for the experimental tests for
two levels of instrumentation support, the end products of Phase I study and
experimental effort can be applied to a range of both laboratory and field OTF
and an measurement requirements. This includes applying the techniques
to standard testing of E-O systems and devices in the field as well as for
characterizing atmospheric path conditions for degraded environment testing.

1.6 CONCLUSIONS

The proposed field experiments to separate the effects on laser desig-
nators of atmospheric turbulence, internal laser designator instability, and
platform motion can be successfully carried out with the techniques and equip-
ment recommended.

1.7 RECOMMENDATIONS

It is recommended that the proposed field test experiments be carried out
to separate the effects of turbulence, internal laser instability, and plat-
form motion in laser designators.




SECTION 2. DETAILS OF INVESTIGATION

2.1 INTRODUCTION

a. The experimental and analytical program carried out has been that
necessary to establish the validity of experiments proposed for a later field
test program. That test program is summarized in appendix A. Briefly, the
proposed field test program addresses the problem of separating the types of
instability in laser designators, i.e., turbulence, the internal stability of
the laser designator and its optics, and the platform instability.

b. The effects of atmospheric turbulence are broadening of the image
profile, wander of the center of the beam and scintillation within the beam
profile. The scintillation is the most difficult to handle in detail. How-
ever, it can be circumvented by dealing with the profile as observed in
the average of a number of individual pulse profiles.

c. The effects of turbulence on beam propagation have been investigated
at a number of laboratories, with perhaps the longest and most complete sus-
tained program being at the Naval Postgraduate School (ref 1, app E). This
work has led to a well-verified analytical model for the beam profile to be
expected after a beam has traversed an optical path through the atmosphere.
This is expressed in terms of the OTF or Optical Transfer Function of the
atmosphere. Two forms of this are equally useful. One expresses the OTF for
the average of a number of beam profiles without centering (or tracking) the
beam. The other applies to a beam that is centered (or tracked) before aver-
aging a number of profile measurements. 1In the course of centering before
averaging, a tally of the offsets required gives the variance of the bheam
"wander.” Both these quantities are functions of the turbulence constant for
optical index, an, and the range, as well as the wavelength.

d. The beam spread resulting from a number of causes, such as the turbu-
lence, designator instability, and platform instability, is the convolution of
the profiles from each cause. This allows the Fourier transform convolution
theorem to be utilized. This says that the transform of the convolution of
several functions 1s the product of the Fourier transforms of those functions.
This can be reversed and the functions unfolded by dividing the transforms
point-by-point. This technique has been used to separate the types of
broadening.

e. For the case of wander where the statistical behavior is Gaussian,
the variance of the displacement is the sum of the variances of the two com-
ponent wanders. This allows separation of the wander terms.

2.2 THEORETICAL BACKGROUND

a. Separation of the atmospheric contribution to the beam wander and
broadening involves measuring the turbulence structure constant for optical
index, Ch2. This can be determined in a number of ways. For example, it
can be determined by measuring the temperature at points along the optical
path. Although, in principle, it could be measured with thermal sensors, this
has not been very practical in most instances. One difficulty is that the
optical properties of interest here, the broadening and wander, depend on the




integrated value of cn2 along the optical path. Also the relative impor-
tance of C,* varies with the position along the path, and this weighting
factor depends on the particular tgpe of optical property involved. The rela-
tive path-position weighting of C,* is shown in figure 1, for several
different optical situations. The situation for an optical beam formed by a
projector lens system is shown in curve A, for the case where the lens system
is on the right and the target on the left. By a reciprocity theorem, a
telescope system behaves 1n the same way as the projector if the telescope is
on the right and a point source is on the left.

b. Other methods of measuring an, for example, by scintillation,
produce a path-position weighting distribution as shown 1in curve B. This
emphasizes the center of the path and does not give the proper distribution to
predict the behavior of a laser designator. 1In this case then, 1t is impor-
tant to use a telescope to measure an to obtain the weighting needed to
predict the behavior of the designator.

2.3 EXPERIMENTAL PROGRAM

The experimental program to verify the practicality of the proposed field
test program involved several facets. The general objective was verification
of the general applicability of the use of TV imagers in place of mechanical
line slit-scanners for the purpose of separating the types of spot instabil-
ity. This also involved the verification of the suitability and linearity of
individual components of the proposed overall test system. We will look first
at the tests of system components, followed by an experimental comparison of
TV and mechanical line-scanner techniques.

a. System Components

(1) Silicon Vidicon. A silicon focal plane screen is needed for the
vidicon viewing the designator spot pattern in order to reach the 1.06 micro-
meter, near-IR, wavelength. The usual TV vidicons, or other TV cameras such
as orthicons, are optimized for the visual range of wavelengths and do not
reach this wavelength. A TV technique is needed because the pulse length of
the designator is too short (a few nanoseconds) for a split-scanning system
to function. The image of the designator spot is stored on the semiconducting
sensitive surface of the vidicon. The electron beam raster scan interrogates
the image to produce the usual composite TV video format. It was found on
trial that each of the two interlaced "fields"” of the raster completely reset
the sensitive surface. The storage time 1s thus the 1/60 second between field
scans. A test of the performance of the vidicon was carried out in the labor-
atory by imaging a broad spot produced by GaAs laser at a wavelength of 0.905
micrometers.

(2) vidicon for Atmospheric OTF Measurement. A second vidicon is
used to view a point laser source located in the target screen, in order to
provide the data concerning the atmospheric OTF. (See fig. 1, app A.) This
system is less demanding as far as pulse length 1s concerned, and the wave-
length can be any value available in a convenient small laser, as long as it
differs from the 1.06 micrometers of the designator. In practice a HeNe
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laser was used, emitting .6328 micrometers. A power of 1-3 milliwatts {is
sufficient. The viewing vidicon has a narrow-band interference filter in 1its
optical train to reduce the background signal and exclude the designator wave-
length. In order to have sufficient magnification to resolve the spread of
the image due to the atmospheric turbulence, this vidicon viewed the source
through a 6-inch diameter cassegrain telescope, with a 90-inch focal length.
This proved to be too low a magnification so a "Barlow” negative lens was
inserted just ahead of the vidicon to increase the magnification by a factor
of 3. This caused the typical image to occupy a v+dth of the order of 10
pixels, sufficient to analyze the image.

(3) Video Tape Recording

(a) The vidicon signal is continuously recorded on a Panasonic,
U-Vision, type NV9240 TV tape recorder system. One matter of immediate con-
cern in whether the tape recorder is sufficiently linear to be used for data
recording. Not only must a linear analog recorder be used in the field, but
it is necessary to later identify and play back with precise identification,
several individual fields. This requires a disc recorder with field and frame
labeling. For this purpose a Eigen, model 16-10, video disc recorder was
used.

(b) To test the linearity of the complete chain of amplifiers
and two recording systems, images of a point source broadened by the atmos~
phere were compared. Two types of signals are illustrated in figure 2.

Figure 2a shows a single TV line that passes through the center of the re-
corded spot. The upper trace is direct from the TV. The lower trace 1s after
the complete amplifier chain and two recording systems. The patterns are
sufficiently alike to glve comparable shape parameter measurements. In figure
2b, a number of successive TV lines passing through the image are displayed.
Again, the top figure is direct and the lower figure is after the complete
amplifier chain. The reproducibility is excellent.

(4) Background Subtraction. Although both vidicon systems have
narrow-band filters to reduce background light, it is not completely elimi-
nated. In order to remove this, the signals are digitized in a Quantex DS-30
TV frame digitizer. This system can subtract the signals of one field from
that of another. This is carried out, using the field recorded signals, to
obtain the image signals of the designator and OTF vidicons alone.

(5) Data Processing for Atmospheric an

(a) In order to carry out a calculation of the atmospheric
an from an image of a point source at a distance, the OTF of the atmos-
phere is measured. A complete curve of the OTF is also needed for the separa-
tion of the various causes of spot broadening and wander. Complete details of
the video data processing techniques are given in appendixes C and D.

(b) To measure the OTF, a single TV image field is first trans-
ferred to the Quantex DS-30 from the video disc. A background field is then
transferred from the video disc. This is subtracted from the image field in
the DS-30. The background is ordinarily very small as the image has been
taken through a narrow-band interference filter matched to the laser source
wavelength.
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(c) After subtraction in the DS-30 of a complete background
field from a complete image field that includes an image of the point laser
source, a single raster line at a time is transferred to the HP-9825 calcu-
lator. The line transferred is limited in length to about twice the number
of pixels required to express the image shape - usually 20 to 50 pixels. The
line signal 1s then summed in the HP-9825. This sum corresponds to the integ-
rated light passing through the linear slit of a slit-scanner. Successive
lines are then summed similarly and the sequence of sums becomes the “"line-
spread function."” This corresponds to the signal function obtained by a
slitscanner. This line-gpread function is stored in the HP-9825 memory. The
next field is then analyzed similarly. To obtain the "long-term” line-spread
function, successive line—-spread functions are averaged in the HP-9825.

(d) To obtain the "short~term”, or "image-centered line-spread
function,” the center of area of each line—-spread function is calculated and
stored in memory. The line center 1s then shifted to a predetermined position
and the average of a number of such centered functions is the image-~centered
line~spread function. The RMS average of the center displacements needed to
center is the RMS "image-wander” value. 1Its square is the variance of the
wander.

”

(e) Next, the Fourier transforms of the two line-spread func-
tions are carried out in the HP-9825. Each of these 1s then divided point-
by-point by the transform of the line-spread function of the imaging telescope
in the absence of turbulence. This removes the effects of the instrument.

The result is two curves of the OTF of the atmosphere, the line-term, and the
image~centered, OTF values. The curves can be plotted out when desired.

Next, the OTF curves are fitted to the Fried model to yield an. Ordin-
arily, the two values of an are ldentical if the image motion is due to
turbulence alone, and the turbulence is not unusual. The RMS wander displace-
ment also yields a value of an.

(f) Determination of the values of an is not actually
needed for much of the work to be carried out here, but that value is a con-
venient single number that characterizes the level of atmospheric turbulence
along the optical path. The actual shape of the line-spread functions will be
what i{s used in the data processing to separate the various types of line-
spreads. For the wander, the actual values of the variance are also the
values that will be used in the separation of various wander causes.

(6) Data Processing for the Designator Spot Pattern

(a) The details of this data reduction are provided in appen-
dixes C and D. Before discussion of the data analysis, a few features of the
equipment operation need to be mentioned. It would be desirable for the tim-
ing of the TV field initiation to be synchronized with the designator flash
occurrence, in order to have the flash occur during the TV blanking and fly-
back. If the designator flash occurs randomly relative to the vidicon, 1t
could occur during the period in which the electron beam is scanning the area
of the image. This would make the data processing much less dependable. 1In
practice, an occasional TV field would be lost. Synchronization would make
every flash useful.




(b) The image of the designator spot taken by the close-up
vidicon is next analyzed. Basically, the same data processing procedure is
used as to obtain the OTF of the atmosphere. The TV image is digitized and
the background subtracted in the DS-30. The average of a number of images is
obtained; both the image-centered average, and the uncentered average. The
process of obtaining the image-centered average also yields the variance of
the image wander.

(c) The image~centered line—spread function is the convolution
of the actual spread of the designator and the spread due to the atmosphere.
To separate the two spreads, the Fourier transform is taken off the image-
centered line-spread function. This is then divided, point-by-point, by the
Fourier transform of the atmospheric line-spread function (the OTF of the
atmosphere). The resulting function 1is then reinverted to obtain the spread
due to the designator alone. This is plotted out on the plotter. This curve
is one of the primary goals of the measurement. This can be used, then, as
the information needed to correct errors in the optics of the laser designator
system.

(d) The variance of the image wander, obtained above, is the
result of both the actual wander of the designator beam and the atmospheric
wander. The two can be easily unfolded, assuming that the statistics are
reasonably Gaussian. The atmospheric wander of the designator, due to inter-
nal instability, would also be Gaussian. The variance of the combined wander
is then simply the sum of the wanders of the atmosphere and the designator.
Hence, the atmospheric wander variance is simply subtracted from the observed
total wander variance to obtain the wander of the designator. This also is
one of the primary goals of the measurement as this information can help in
the readjustment of the laser and optics to reduce the wander.

(e) Analysis of the pattern projected on a uniform target has
been demonstrated in work at the Naval Postgraduate School, using a pulsed
GaAs laser source. The images have been digitized, subtracted from back-
ground, and the spot profile prdcessed to yleld a line~spread function, as
well as a spot wander value. These have then been separated from the
atmospheric spread and wander.

b. TV versus Line-Scanner Comparison

(1) Direct comparison of OTF values from the NPS mechanical line-
scanner with those from the TV system was accomplished by use of a beam split-
ter in the output optics of a 270-inch focal length Cassegrain telescope. The
two 1lmages analyzed were thus 1dentical. The telescope viewed a point (HeNe)
laser source at the far end of a tunnel, 132 meters in length. Turbulence in
the tunnel was produced by overhead heat duct ports and amounted to moderate
turbulence.

(2) The video signals from the TV system were recorded with the
system proposed here for field use. The recorded signals were analyzed later
by the techniques previously described in this report, with the output in the
form of a plotted curve of OTF as a function of angular spatial frequency.




(3) The NPS mechanical line-scanner signals were recorded on a
Precision Data frequency modulated tape recorder, with a recording bandwidth
of 100 kHz. This recorder is frequently used for this purpose with the NPS
line-scanner, although recently the online data processor has made this re-
corder unnecessary. In this case, it made careful processing possible for
identically the same time interval as that used for the TV data.

(4) A pair of curves of OTF are shown in figures 3 and 4 for the NPS
line scanner and the TV system, respectively. The data is for the long-term
average. The output of the NPS line-scanner yields the actual data points as
well as the best—-fit curve from the Fried model (ref 4, app E). The output of
the TV system displayed only the best-fit Fried curve, at the time of that
data reduction. In the future, it will also display the actual data points.
The two OTF curves can differ only in their horlzontal scale because they are
curves for the same model. A customary measure for comparison is the angular
spatial frequency at which the OTF has decreased to a fraction, l/e, of its
initial value of unity. This point is often used as a measure of the
coherence "length.” For the NPS scanner, the l/e point occurs at 26.7 lines
per milliradian. For the TV system, the 1/e point occurs at 29.6 lines per
milliradian.

(5) The above values are in agreement within approximately 10 per-
cent. This corresponds to an agreement within 10 percent for C,, or within
20 percent for an. This degree of agreement indicates that the TV system
is adequate to replace the mechanical line-scanner for measurements of the
OTF. That agreement 1is quite good, and since much of the use of the two TV
systems for OTF involves use of the results of one system in terms of the
other, the matched pair of two TV systems should reduce the effects of system—
atic error.
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SECTION 3. APPENDIXES

APPENDIX A. PROPOSED FIELD TEST PROGRAM

1. INTRODUCTION

The proposed test program has three general phases. 1In the first phase,
a uniform reflectivity target screen would be used. These techniques would be
adapted in the second phase to permit use of a real target such as a tank.
The techniques utilized in the first two phases would be chosen so that they
are adaptable to a third possible phase in which real targets would be in mo-
tion.

2. PHASE ONE, UNIFORM TARGETS

In the first phase of the program, field measurements would be made with
a target screen with uniform reflectivity at a representative range. The
equipment is planned to be arranged as shown in figure 1. The measurements
and data reduction would be carried out in three successive steps.

a. Step One

(1) In the first step, field measurements would be made with a
strapped-down laser designator with its spot trained onto a uniform target
screen. These measurements would serve to determine the stability of the de-
signator laser and optical system by separating the atmospheric effects from
the overall effects.

(2) The target screen would be viewed with a silicon vidicon located
a short distance from the screen along the line between the screen and the de-
signator, but slightly off that line to avoid obscuring the screen from the
designator location as shown in figure 1l.

(3) A silicon focal plane screen is needed for this vidicon in order
to reach the 1.06 micrometer, near-IR, wavelength. The usual TV vidicons, or
other TV cameras such as orthicons, are optimized for the visual range of
wavelengths and do not reach this wavelength.

(4) To reduce the background signal, the close-up vidicon would be
equipped with a narrow-bandpass optical filter matched to the designator
wavelength. The vidicon would view, alternately, the designator spot plus
background, and the background alone. The video signals would be tape re-
corded during tests. Later, the signals for the background image would be
subtracted from the signals for the background plus designator spot to give
the signals for the spot alone. This subtraction would be carried out in a
Quantex DS-30 video signal processor.

(5) 1In addition to the close-up vidicon, another vidicon, with long
focal length (telescope optics), would be located near the designator trans-—
mitter and would view a point source laser located in the target screen as
shown in figure 1. That laser would operate at a different wavelength from

)
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the designator, e.g., HeNe, at 6028 micrometers. The telescope would have a
narrow band filter to match this laser line. This will eliminate the desig-

nator signals, but not completely the daylight continuum background. Separate
recording of signal and background will permit subtraction of background here
in the same manner as for the close-up vidicon. This vidicon can be a more
common visual range vidicon than the silicon vidicon that is required for the
1.06 micrometer designator signals.

(6) Processing of the taped data from the telescope vidicon would
glve a quantitative determination of the effects of the atmospheric turbu-
lence. This data would then be used, together with the taped data from the
close-up vidicon that views the designator spot on the target screen, to un-
fold the atmosphere effects from the designator spot width and wander, using
Fouriler transform techniques. The diffraction spread and any intentional geo-
metrical spread of the designator spot would also be removed. The remaining
spread (beam profile) and wander would then be entirely that due to improper
laser adjustment, or instability of the laser and associated optics. This
data should then make it possible to correct or minimize the defects in the
designator system. Even if not corrected, the system would then be charac-
terized, and is ready for use in the next step.

b. Step Two

In the second step, the laser designator would be placed on the un-
stable platform (mini RPV). The mini RPV would be mounted in as realistic a
manner as posslble, with engine and all systems running to simulate real oper-
ational conditions, particularly with respect to vibration, but with the mini
RPV still on a ground-based platform. This is necessary so that the telescope
vidicon can be mounted next to it, to view the point source in the target
screen and thereby obtain a measurement of the effects of atmospheric turbu-
lence. This would evaluate the actual beam pattern of the designator, as it
would be in the air, by removing the atmospheric effects. The beam pattern
would now be characterized sufficiently that it can be used in the third step.

c. Step Three

(1) In the third step, the mini RPV would be airborne, directing its
laser designator to the uniform target screen. The close-up silicon vidicon
would view the screen as before. In this step, the distant telescope vidicon
viewing the point source is not necessary, nor could it contribute to the
information, if used. It would, of necessity, be ground-based and would not
look through the same atmospheric path as the beam from the mini RPV to the
target. The beam from the designator on the mini RPV is now well enough known
that it can be used to evaluate the atmospheric turbulence at the instant of
designator firing. The data tape from the close-up vidicon would yield a
sequence of beam profiles. The center of each of these is calculated and the
profile centered before averaging. The averaged profile; so obtained, is then
Fourier processed to remove the known designator profile; that has been deter-
mined in step two above. From this reduced profile, the atmospheric turbu-
lence i3 determined. Knowing this turbulence, the expected wander of the spot
center 1is calculated. This is then unfolded from the directly-measured spot
wander to give the motion of the spot due to the platform motion alone.
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(2) All of the above general processes have been proven by applica-
tion in a slightly different situation, namely determining the optical proper-
ties of lasers transmitted from shipboard. A new feature in the present
experiments 18 the use of vidicons for imaging. Scanning-slit telescopes have
been used previously to carry out the same type of measurements. 1In the re-
sults reported in this report, data reduction for imaging with the vidicons
has now been tested in laboratory work at the Naval Postgraduate School.

3. PHASE TWO, NONUNIFORM TARGETS

a. In the second phase of the program, field measurements, similar to
phase one would be carried out, but with nonuniform reflectivity targets, such
as a tank with natural landscape as background.

b. The measurements would differ from those of phase one in that an ad-
ditional laser, with the same wavelength as the designator, would be used to
provide pulse illumination of the target from a close-up location. This
pulsed {llumination would alternate with the designator pulses. The close-up
vidicon would view the scene under pulse illumination plus background light,
and then under background light alone. Both signals would be tape recorded.
Later, the ..o images would be subtracted to yield the signals for illumina-
tion by laser light alone. The close~up vidicon would then view the scene
when the designator spot 1is pulsed. This, again, would be tape recorded. The
difference of this scene and the background would be used later for the sig-
nals for the designator alone. Later, in data reduction, the designator spot
signals would be divided pixel-by-pixel by the signals for uniform laser 1llu-
nination. This process normalizes the spot profile to be the same as if it
had reflected from a uniform reflectivity target.

c. Steps one, two and three above would then be carried out, after the
normalization, to analyze the behavior of the laser and platform.

4. PHASE THREE, FUTURE MOVING TARGETS

The systems for use in phases one and two would be set up so as to be ex-
tendable to laser designator analysis for moving targets. This will involve
all the techniques of phases one and two, including steps one, two and three,
plus provision of background laser illumination by flashes that follow, or
lead, the designator pulses as closely as possible. 1In practice, this means
following or leading by one TV field time interval. This i1s 1/60 second for
standard American TV. Use of a more rapid scan TV system would improve the
situation. However, the normalization operation would be improved by a
lateral shift of the uniform {llumination calibration image, to more exactly
coincide with the image at the time of the designator flash. The proper dis-
placement could be determined by carrying out a correlation of the two images
as a function of offset, with the final offset determined bv the maximum cor-
relation between the images. This would be a time-consuming operation if both
lateral and vertical offset were involved. 1If the direction of offset is
known, for example, for a vehicle that is constrained toc move on a road sur-
face of known inclination, then the correlation operation would be greatly re-
duced. Carrying out this type of measurement seems well within the capability
of the equipment to be provided for phases one and two, except that a larger
computer will probably be needed. This should be borne in mind in selecting
the computer for use in phases one and two.
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APPENDIX B, METHODOLOGY INVESTIGATION PROPOSAL

1. TITLE. Optical Turbulence Measurement
2. CATEGORY., Electro-Optics

3. INSTALLATION, US Army Electronic Proving Ground, Fort Huachuca, Arizona
85613

4., PRINCIPAL INVESTIGATOR., Colin M. Giorgi, Test Operations Office,
STEEP-MT-T, AUTOVON 879-6016/6417

5. STATEMENT OF THE PROBLEM. Optical turbulence in the atmosphere can signi-
ficantly degrade the field performance of both active and passive optical sys-
tems. Measurement techniques currently being used to characterize this uncon-
trolled and highly variable test parameter are inadequate. A measurement
technique is required which will quantitatively and accurately account for the
contribution of optical turbulence to variances in equipment performance dur-
ing field testing.

6. BACKGROUND. The effects of atmospheric turbulence on the performance of
imaging and beam forming optical systems have been well known for many years.
Measured variances in beam intensity and beam position due to atmospheric
turbulence have shown that the field performance of electro—-optical systems,
and active systems in particular, can be severely biased by the turbulence
characteristics of the optical path. Because of the critical time and speci-
fic path sensitivity of the turbulence parameter, existing measurement methods
are deficient in establishing the true path turbulence structure affecting a
test items performance., During a recent five year investigative effort, the
Naval Postgraduate School (NPS) applied optical transfer function (OTF)
measurement technology to the turbulence measurement problem using a laser
source and a slit scanning telescope to collect field data. The results of
the study and empirical evaluation indicate that the technique developed
eliminates the deficiencies of previous turbulence measurement methods. The
key to the measurement is the determination of a properly path-position
weighted an, the turbulence structure constant for optical index. Dur-

ing the review of the investigative effort by the TECOM Laser Technical Com-
mittee, it was determined that the technique had the potential of being ap-
plied to the test data correction problem by utilizing the video imaging and
automated data analysis instrumentation currently used to collect spot data
for laser designators. The use of a video data recording system and an auto-
mated video data reduction capability has definite advantages over the mechan-
ical slit scanning device used in the NPS investigation but application of the
technique will primarily depend on the feasibility of utilizing the test item
laser as the probe source.

7, GOAL. To develop an improved test methodology for measuring atmospheric
turbulence for application to the testing of electro-optical systems in the
field.
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8. DESCRIPTION OF INVESTIGATION,

a. This investigation will develop a test method for collecting and an-
alyzing the modulation transfer function of atmospheric paths for the purpose
of deriving the turbulence structure constant for optical index (an). The
thrust of the effort will be directed at implementing the NPS image scanning
technique by applying the laser spot image recording and analysis instrumen-
tation currently being used by TECOM in support of laser designator testing.
The investigation will cover both a theoretical and empirical evaluation of
the application and will include the methodology essential to applying the
Ch* parameter data to analyze test item performance data.

b. The US Army Electronic Proving Ground will conduct the investigaticn
in two phases as follows:

(1) Survey and Analysis Phase.

(a) The initial effort will cover a survey followup to the NPS
investigation to determine what additional study and experimental work has
been accomplished since the conclusion of the basic investigation.

(b) The major effort during the analysis phase of the investi-
gation will address the feasibility of applying the NPS, MTF image analv-
sis technique to TECOM's electro-optical system's test programs using the
laser spot image recording and data reduction system. The priority applica-
tion will be the laser designator test programs. As the NPS measurement set-
up uses a one—~way path and a reference laser source which is configured for
the measurement requirement, a determination will be made with regard to the
feasibility of using the unmodified test item laser as the probe source and a
folded optical path.

(c) Following a determination of the feasibility of applying
the NPS measurement technique to laser designator testing, a test plan for the
field experimental phase of the investigation will be prepared. The test
planning effort will include the identification of the instrumentation, real
estate and personnel resource requirements to implement the field tests.

(2) Empirical Testing Phase.

(a) The purpose of this phase will be to empirically verify the
feasibility of the technique application. The initial effort will require the
acquisition of instrumentation support as specified in the test plan. The
testing may be conducted at EPG or at another test installation depending upon
the availability of representative test items and measurement instrumentation,
Regarding the latter, EPG is planning to acquire a laser spot data acquisition
and analysis capability by the end of FY81 in order to support the RPV test

program,
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(b) The data acquisition and analysis phase will include eval-
uating data from both the experimental setup as well as data from on-going
laser test programs on a non—-interfering basis.

(c) With the conclusion of the field experiments and subsequent
data analysis, a final report will be prepared covering the complete effort.
1f feasibility of the technique is established, the report will include a de-
tailed description of the test procedure and the data analysis program and
recommendations for instrumentation development acquisition as appropriate.

c. Investigation Schedule.

MILE STONE /ACTIVITY SCHEDULE

Qtrs) FY 82 (Qtrs)

FY 81 (
1 2 3 4 1 2 3 4

Analytical Phase '

Updating Survey X

Error Analysis X X

Feasibility Study X X X
Test Design X X X

Empirical Evaluation Phase

Resource Acquisition X X X

Lab and Field Testing X X X
Data Analysis X X X
Report Preparation X

d. This investigation will result in the development of an improved
optical turbulence test procedure and the determination of the supporting data
acquisition and processing instrumentation and software requirements.

e. Environmental Impact Statement. Execution of this task will not have
an adverse impact on the quality of the environment.

f. Health Hazard Statement. Execution of this task may involve health
hazards to personnel., 1his task may require project personnel to participate
in field tests involving the operation of laser equipment. Safety standards
for laser field testing are well documented in TB MED 279 titled "Control of -
Hazards to Health from Laser Radiation". All field experiments will be con- ‘
ducted in full compliance with the regulation.

Voeg e

9. PROGRESS. This task received partial funding in FY81 (35k)., The updating
survey was initiated in January 1981 with a followup review of the NPS
investigations. The major portion of the analysis and test design phases of
the investigation are being performed by NPS staff scientists. The theoreti-
cal analysis and empirical measurements made to date have established the
basic feasibility of replacing a telescope/mechanical slit scanner/detector
unit with a video camera and a video digitizing subsystem. A prototype
an measurement system has been assembled by the NPS using EPG GFP.
Subsystem interfacing has been completed and controlled laboratory tests are
underway.
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10. JUSTIFICATION.

a. Mission and Impact Statements.

(1) Association with mission. TECOM and EPG are assigned the mis-
sion of conducting the development testing of a wide range of electro-optical
devices and systems, These include both active (laser) and passive (sensor)
equipments.

(2) Present capability, limitations, improvement, and impact on test

if not performed in the proposed fiscal year. The most common method used to
describe atmospheric turbulence is simply a qualitative assessment of the
“"seeing"” conditions as good, fair or poor. This imprecise and subjective
criteria was developed primarily as a general measure of optical attenuation
and it does not account for the time and specific path dependent nature of
atmospheric turbulence. The second method employs point temperature measure-
ments which also do not provide the key time and integrated path data
essential to correlate turbulence effects. Consequently, for most EQ testing,
the turbulence factor remains a highly variable and uncontrolled test condi-
tion which can produce serious equipment performance data biasing. The appli-
cation of the NPS technique will provide a turbulence measurement which is
time and optical path coincident. This coincidence will allow the turbulence
variable to be fully monitored and accounted for, thereby eliminating the
biasing of test data. If this task is not completed in FY83, the capability
will not be available to support the RPV laser designator test scheduled for
FY83 or other key TECOM laser tests sched-uled for the FY83-84 time frame.

b. Dollar Savings. The successful implementation of a an measure-
ment capability is expected to reduce the extent of field testing required for
electro-optical devices and systems. This reduction will result from the
ability to monitor and account for an important test variable which now re-
quires many test runs and testing at different test locations to establish a
meaningful statistical base. The successful monitoring of the variable should
also lead to using the data to develop performance predictions for an extended
range of atmospheric conditions. This modeling capability should reduce the
requirement for some field testing now being conducted. However, the genera-
tion of specific dollar saving estimates will have to await the outcome of the
feasibility evaluation and the determination that image data now collected on
laser tests can be directly used for the turbulence measurement.

c. Workload. The methodology will be applied initially to all laser
equipment field testing to include designators, range finders, radar and
illuminators. If successful, the techniques will also be applied to the field
testing of all electro-optical sensors.

Vo
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Examples of items anticipated for testing at EPG include:

Test Item FY 83 84 85 86
Chaparral Night Vision Subsystem X
RPV Designator X X
RPV Television Sensor X
RPV Mini-FLIR X
ELOCARS X

NOTE: A number of laser and passive EO sensor tests, scheduled at other TECOM
facilities during the 1983-86 time frame, will also utilize the developed
methodology.

d. Recommended TRMS Priority. Refer to the workload paragraph (10.c)
and the ODCSOPS priority listing.

e. Association with Requirements Documents. The ROC's for most laser
and E-0 systems specify that the systems will perform in a "degraded atmos-
phere"” environment but do not quantify the degradation conditions or level.
The development of the turbulence measurement methodology can be an important
step towards quantifying the “degraded atmosphere” requirement.

11. RESOURCES.,
a. Financial.

(1) Funding Breakdown.

Dollars (Thousands)

FY 83
In-House Out-of-House
Personnel Compensation 20,000
Travel 3,000
Consultants & Other Svcs 34,000
Materials & Supplies 3,000
Equipment 5,000
Subtotals 31,000 34,000
FY TOTALS 65,000

NOTE: No funds were provided for this project in 1983, Funding requirements
and funding provided were as follows:

Requirement Funding

FY 81 $54,000 $35,000

FY 82 $61,000 $29,400
B-5
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(2) Explanation of Cost Categories.

(a) Personnel Compensation. Covers in—house labor costs for
the principal investigator and other in-house project support personnel,

(b) Travel. Travel is required to coordinate the task with
other TECOM installations. Travel in FY83 may be revised if the field testing
is scheduled for WSMR or YPG.

(¢) Consultants and Other Services. Consultant support will be
utilized to assist in performing the detailed technical feasibility analysis
and to evaluate the field test data.

(d) Materials and Supplies. Recording media and incidental
supplies will be required to support the field testing.

(e) Equipment. The empirical verification field tests will re-
quire a designator source. Current shortage of fielded items or spare test
items indicates that a simulator unit will have to be procured. FY83 funding
covers equipment contingencies including servicing and repair.

b. Anticipated Delays. A delay in EPG's acquisition of the programmed
laser spot recording and data reduction instrumentation capability will extend
the initiation of the field verification testing. However, an alternate sup-
port capability may be made available at WSMR or YPG to alleviate the problem.

c. Obligation Plan (FY 83).

FQ 1 2 3 4 TOTAL
Obligation Rate 3.0 38.0 14.0 10.0 65.0
(Thousands)
d. In-House Personnel.
(1) Requirements. FY 83
— Manhours

Number Required Available

Physicist, GS-1310 1 500 500
Elec Engr, GS~0855 1 500 500
Totals 1000 1000

(2) Resolution of Non-available Personnel. Not applicable.

B |
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12, INVESTIGATION SCHEDULE.

FY 83
ONDJFMAMJIJAS

In-house - - - - - ~-=-=R
Contract A2l
Symbols: - =Active investigation work (all categories)

++sContract monitoring (in-house only)
A Award of Contract
R Final report due at HQ, TECOM.

13. ASSOCIATION WITH TOP PROGRAM. It is expected that the turbulence
measurement methodology initially developed for specific commodity items such
as laser designators and rangefinders will be incorporated into the existing
TOPs covering those items. As more generalized procedures are developed that
apply to a broad class of E-0 test items, then a new TOP will be generated
that can be referenced in the E-O commodity item TOPs.

FOR THE COMMANDER:

GARY L. KOSMIDER
Colonel, SigC
Director of Materiel Test




APPENDIX C

VIDEO DATA ANALYSIS USING A DIGITAL VIDEO PROCESSOR SYSTEM




ABSTRACT

This appendix presents a computer program designed to analyze the data
from a TV camera for investigating laser beam propagation through the atmos-
phere. It uses aspects of Fourier optical theory to analyze the TV image to
measure the effects of atmospheric disturbances and platform stability on the
target spot. The computer program is written for a data analysis configura-
tion consisting of a video recorder, video disk unit, digital video image
processor (Quantex DS-30), and a desk-top computer unit (HP 9825).
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I. INTRODUCTION

A. PROBLEM

A problem has occasionally been experienced in concen=-
trating laser energy from a laser designator onto a target
and sufficiently illuminating that target so a weapon
sensitive to that illumination will home in on the target.
Two circumstances have pcssibly caused this to happen; the
energy is either too diffused at the target to illuminate it
properly or the beam partially or completely misses the
target. The aim of this study is to develop a computer
program to aid in determining which part of these effects is
atmospheric and which is the instability of the laser and

stabilization system in the illuminating aircraft.

B. METHOD OF APPROACH

The analysis of the problem requires two general types
of systems. One system evaluates the performance of the
designator using some techniques from Scott [Ref. 1]. A
silicon vidicon views the successive pulsed designator spots
on the target from a location near the target. A line
spread function of the spot on the target and the standard
deviation of the wander of the laser beam is produced. The
other system provides measurement of Cn2 for atmospheric

turbulence along an optical path adjoining the designator




optical path. The laser on the target is viewed by a
silicon vidicon located near the designator's optics. The
value of an obtained is inherently properly path weighted
L0 express the atmospheric effects on the designator spot.
Techniques from Fourier optics theory use the measured value

of C 2

n to predict the intensity pattern of the laser beam on

a distant target. The results from the two systems can then
be analytically compared to determine the causes of spot
wander and broadening.

The sponsor-supplied hardware includes an HP-9825
calculator with 23K bytes of internal memory for equipment
control and data processing; an HP-9885 disc memory used for
additional storage space; and a Quantex DS-30 Digital Video
Analyzer used for digitizing the analog video input from an
Eigen video disc; a Panasonic NV-1240 video tape recorder
for initial recording of video from the target on a silicon
vidicon camera. After analysis, output is in the form of
plots produced on an HP-9862 plotter.

The sequence of analysis is currently as follows.
Modulation transfer functions (MTF) of the laser output and
optics are measured or calculated and stored on disc. A
video recording of the target being illuminated by the
designator is made for a number of video frames, the target
alone is also recorded, for later subtraction from the total

picture to produce an image of the laser spot alone. The




video recording is then played through the DS-30, controlled
by'the HP-9825, to digitize the information for use by the
HP-9825. The HP-9825 takes the digitized video of the
target, produces a line spread function (LSF) of the image,
subtracts the background, and averages a number of frames to
produce a short term measurement of the laser energy on the
target. The amount that each laser spot wanders from the
others is also stored. In the second phase, the HP-9825
uses the MTF's of the laser, optics, and atmospheric
measurements to produce a total system predicted MTF, LSF,
and wander. These results of the target spot measurement
and the baseline studies can be compared for possible
correlation.

The laser pulse is timed so that it occurs on the fly-
back of the TV signal. This will cause the laser spot to
appear on one field of a frame. For accurate results the
DS-30 needs to digitize a single field for each pulse of the
laser. The videotape unit currently used will not allow
this capability. For this reason the tape recording video
is transferred to an Eigen video disc, which has the
capability of displaying each frame or field (1/2 video
frame interlace) individually and of selecting any one frame

or field for viewing.




II. BACKGROUND AND PROGRAM DESCRIPTION

A, THEORETICAL DESCRIPTION

In order to combine the individual optical components of
the laser to the target system, some elements of Fourier
theory must first be remembered. The Fourier transform
represents the one dimensional position variable g(y)
expressed in the spatial frequency domain U(v). The inverse
transform repeats the operation in the opposite direction.
Their forms are commonly represented as follows:

U(v)= f g(y)exp(=2  ivyddy= Flg(y)]
gly)= f U(v)exp(2 = ivy)dv = F-uv)]

The program calculates the value of the integral at a preset
number of points and yields a discrete Fourier transform. A
theorem from Fourier theory that allows us to compute the
line spread function as presented in Fried [Ref. 2] for one
of the elements in the system given the others is the con-

volution theorem stated as follows:

if F lgly)] = G(v)
and & [h(y)] = H(v)
then & (g*h] = GH
(* - convoluted with)




The first element in the system we are analyzing is, of
course, the laser itself. The radial intensity output of

2y

the laser is generally Gaussian of the form A:Aoexp(-re/Zo
as shown in Figure 1. This can be calculated for each laser
for approximate results but was usually measured directly in
this study.

The above radial distribution of intensity must then be
integrated over x to produce a one dimensional line spread
function for the source. A Fourier transform is then used
on this LSF to yield the MTF of the laser. The MTF is a
measure of the spatial frequency response of a system
compared to the input. A "perfect" system response would be
1.0 out to its limit (large spatial frequencies) and then
dropping to zero.

The optics associated with the laser is basically
diffraction limited. The "Airy function™ is used to cal-
culate the diffraction point spread function for the laser
optiecs. This point spread function is then converted to a
line spread function, Fourier transformed to get the MTF and
then combined by the convolution theorem into a laser system
Fourier transform.

The next step is to calculate the effects of atmospheric

turbulence on the laser beam. The value of Cn’ "the index

of refraction turbulence structure constant,"” as expressed

by the relationship from Tatarski [Ref. 3] and Ochs et. al.
(Ref. 4]:
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where Tr1'Tr2 is absolute temperature at twec points
separated by a distance r and p is pressure in millibars; is
used to predict the MTF of the atmosphere over the path
between the laser and the target. Measurements made along
the path are inputs to the Cn equation which predicts the
turbulence effects on the MTF and wander of the beam. In
the field, however, plans are to measure Cn by optical
methods decribed in Crittenden [Ref. 5].

The theory then, according to Fried [Ref. 2], shows that
the total effect of the atmosphere and the laser can be

found by the product of the two transform functions:
G total (v)=G optics(v) x G atm(v)

The inverse transform then will yield the line spread
function of the total system, the LSF as predicted on the
target.

Crittenden et. al, [Ref. 5] describe the process of
converting the one dimensional LSF to a circular symmetric
PSF using the Abel transform, from Griem [Ref. 6]. The
power inside a circle of radius R can then be obtained by
integrating the PSF out to R. For the purposes of compari-
son in this study, however, the resulting system LSF is used

to compare the prediction with measured values.
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B. HARDWARE USE AND LIMITATIONS

The HP-9825 calculator used for this program had an
internal capacity of 23K bytes. This was quite adequate for
program storage but because of the great volume of digitized
video data that was involved, the inclusion of an HP-9885
disc drive system was necessary. The Quantex DS=30 can
store and rapidly transfer a maximum of 512 lines of video
with 512 pixels (picture elements) per line, easily
exceeding the HP-9825's memory capability. The large
overflow of data was reduced by storing each image into a
quarter of the memory, thus limiting the amount of data that
needed to be transferred. This also made disc storage more
reasonable and sped up program running time.

The DS-30 was also capable of taking the difference on a
pixel by pixel basis between a reference image and the input
and storing that in memory. Differencing was necessary in
order to remove the background from the recorded image for
processing the laser spot alone. Normally, it is necessary
to divide the image by the background to offset the effect
of the non-uniform reflectivity of the target. This was not
possiblg with the DS-30 so these steps need to be performed
by the computer. The division was not possible to do at
this time because of the memory limitations of the HP-9825.
This must be done pixel by pixel since division by the LSF

is not equivalent. The memory limitation was als- he

12




reason why the HP-9825 used the LSF instead of pixel by
pixel subtraction for this process.

All the peripheral equipment to the HP-9825 was
controlled through an IEEE standard 8 bit interface bus.
This allowed control of all aspects of data acquisition and
processing to be modified by software. The video recorders
were the exception to this and provided the only real manual
manipulations required after the program had begun. Each
frame of video needed by the program had to be selected when
requested by the program because of the lack of interface
control.

The linearity of the recording system was checked and
found to be almost distortion free. A signal from an image
was passed directly to an oscilloscope from the vidicon and
compared side by side to a signal from the same image which
had been recorded in the tape recorder, transferred to the
video disc and then passed through the DS-30 circuitry to a
digital analog converter for viewing. Crittenden et. al.
(Ref. 7' present photographs of the two images for
comparison and further discussion.

Variable usage became a problem as the program grew,
which was due to the limitations of the HP-9825. The
HP-9825 has available twenty-six variables (A-Z), twenty-six
variables for arrays (A-Z), a subscripted variable (r) with

as many elements as the memory has space for plus a

13
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subprogram variable (p) for use in passing parameters
through "called" subprograms. One of the usage problems «as
using identifiable variables in passing from main programs
to subprograms. A good number of the subprograms originally
were designed for other programs and the variables often
conflicted. The r variable is nice to use here because of
its practically unlimited numbers. A more serious problem,
though, was the inability of HPL, Hewlett Packard's version
of the Basic language, to allow an entire array to be used
as a parameter to pass to a subprogram. This at first made
necessary extra internal storage for additional arrays to be
used only within a certain subprogram, with the variable
name being changed through a lengthy process upon entering
or leaving that subprogram. A much faster and easier way
was using separate storage files on the disc for each major
array manipulation. When entry into a subprogram was needed
the array could be stored in the file assigned to that
subprogram, which could then be read out and labelled as any
array needed for each subprogram.

The programming to use the D3-30 also was primarily a
language problem. The DS-30 was very sensitive to the
format in which it received data or commands. All leading
zeroes and carriage return/line feed commands had to be

suppressed. The address of command locations within the

DS-30 also had to be encoded in hexadecimal nibbles (one-

e



half byte) and sent in reverse order to load the registers
properly. Commands to the DS-30 were sent as ASCII
character strings. Data was output from the DS-30 to the
HP-9825 via a fast read buffer which allowed a very fast
data transfer rate. In use, a block of 256 bytes at a time
were transferred representing one horizontal TV line of the
quartered memory space. This was done in a loop which went
back and took 256 lines, completely transferring the image.
It was decided that output would be on the HP-9825
plotter so that direct visual comparisons could be made
between measured and predicted intensity LSF's. This was
much more dramatic and easier to see than tabular output

which then would have to be compared on a point by poiut

basis for a correlation.




IIT. SUMMARY

This program can be useful in solving the problem tnat
spurred this study. It will be able to show how much wander
can be expected out of a laser designator beam as it travels
through the atmosphere from the laser to the target. Based
on the video recording of the actual image on a target it
will show comparatively the amount of wander actually
present in the laser. Plans are to unfold the results
analytically, but at present, a visual comparison of the R
measured and predicted patterns is made to determine if
there is any excess wander or "jitter" attributable to the
laser platform itself. This determination will be helpful
in setting specifications for the stability needed in the
system to remove as much excessive spot movement as
possible. It will also allow testing to determine if those
specifications are being met.

This program can alsoc be used to verify atmospheric
problems when both the laser and target spot are fixed and
known. Essentially, any of the laser to target elements can
be determined by knowing the others and calculating tne

unknown using adaptations of the program. The beginning

part of this program can be used to digitize and store any

video image and produce an LSF of the image. 7This may Dbe
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useful in recording and testing the output of several
different lasers and optical aperatures for comparative
analysis.

This computer program was designed in the initial stages

of a continuing project studying the described problem. If
desired, changes can be made to the program to adapt to
changing field conditions and analysis requirements. In
particular, the program now requires a greater understanding
of its internal operations and operator interaction than is
necessarily needed. More comnlete cueing prompts and data

entry parameters may be worthwhile changes. Adaptability

to other hardware may provide more program control, especi-
ally if control of the video disc or tape can be handled
through an interface bus instead of manually. Also,
improvements in output design can be foreseen to expand 1its
usefulness and adaptability.

Finally, the speed of program operation could be
increased through use of a faster computer with a greater
memory capacity. The HP-9825 is comparatively slow and has
insufficient memory. The use of a faster system such as the

HP-1000 is recommended for actual measurements.
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ANNEX A

USING THzZ CCMPUTZR ?3CGRaM

The analysis program requires considerable preliminary
set up and operator interaction. Before the program is
started there should be several items already recorded on
videotape. The first item is a TV camera shot of the laser
output. This is normally taken with a long focal length
lens and filters to reduce the intensity without losing the
beam pattern. A part of this recording should include a
known diffraction grating through which the beam passes in
order to measure the scale of the data for each system of
lenses used. The diffraction pattern should extend in the
vertical as seen on a TV screen for proper output on the
plotter. Also needed to be recorded is, of course, a
sequence of laser spot images on the target. Part of this
recording should have the target only as a background
reference for later calculations.

The next step that needs to be taken is to compute and
record the square atmospheric turbulence index (an), then
record the following system data for later program entry;
wavelength of the laser, diameter of the optics objective
lens, ratio of the obscuration to the diameter of the
objective lens, distance to the target, and the extinction

coefficient.

18




Y

The first cue the program asks is for the input/output
parameters. Table 1 lists the parameters and the different ;%
function each one is used for.

If the laser source pattern is not to be computed the
next cue requests that the laser pattern be displayed from
the video disc for transfer to HP-9825 memory. A cue is
also presented asking for the horizontal width of the images
to be taken from the DS-30. The first value should be the
left most pixel desired, the second being the furthest right
pixel to be used. The first value must be less than the
second, with the first no less than 1 and the second no more
than 256. This cue is also presented below before either
the scale image or the target image is taken.

If the scale of the source data is to be determined the

next cue requests that a frame be displayed on the video ﬁ
disc of the laser output with the diffraction grating in
place. When this has been done continue the program and it
will plot out an LSF of that image whereby the scale of the
data can be determined in microradians per point.

The next cue alerts the operator to ensure that a frame :
of background video is displayed from the video disc for use A ﬁ
in the difference process. {

The program will then ask for the number of total frames

that the user wishes to average for the measured target spot

LSF. The value should be in the range from 1 to 600. The
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latter value being the greatest number of frames the video
dise can hold at one time. The program will then proceed to
record and process images from the video disc and DS-30.

The program will provide a cue when it wants the next image
to be sequenced on the video disc.

The program will alert the operator when it is about to
produce a plot. If the HP-9862 plotter is not ready simply
stop the program until a piece of plotting paper is in
place.

The program will request the system data after the
measured image spot data has been plotted. The data rormat

is not critical but should be in the correct units as

follows:
Wavelength Meters
Diameter of objective lens Meters
Obscuration/objective None
Scale of data Microrads per point
Range to target Meters
an Meter‘s'z/3
Extinction coefficient Inverse meters

If the source pattern is to be computed the program

requests peak amplitude and standard deviation of the

intensity distribution.
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The program will then continue computations without
further inputs until it has run through with the initial
parameters. The I/0 parameters will determine at which
steps output is plotted. After one run through, the program

will request a new Cn2' range, and coefficient. If the

input range is positive the program will again run through
from the atmospheric calculations with the new range. If
the range is negative, the branch is to the begin;ing of the
prediction phase where all new system inputs are requested.

If the range input is zero, the program ends.
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ANNEX B

PROGRAM VERIFICATION AND FLOWCHARTS

I. .MEASUREMENT PHASE

Section I (sﬁeps 0 - 50) consisted of program setup
information and the DS-30 function command programming.
This section was easily verifigd by observing that all
initializing functions were acéomplished and the response
of the DS=30 could be visually noted. 4

Section II (steps 51 - 86) consisted of transferring
the contents of the four quarters of the DS~30's memory to
the HP-9825 and producing an LSF of each image. For
testing, an image consisting of all black (8 bit binary
ones) or all white (8 bit binary zeroes) was placed in each
of the four quarters of memory, each quadrant was then read
out to the HP-9825. The values received by the HP=-3825
corresponded to the contents of the DS-30 memory quadrant
and did show proper changes when the subject quadrant
memory was inverted from black to white. The LSF was
produced by averaging the pixels in each horizontal line of

'video, each line producing a point value as the image was

scanned vertically from top to bottom. Examples of LSF's
produced for a "black" and a "white" image are in Figures 2

and-3.
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Section III (steps 87 - 118) subtracted a reference

background from an image to yield a difference image, then .

shifted the resulting LSF so that the center of area under

each image was centered on zero. In this way the wander
from each succeeding image could be determined, removed,
and the total frames used could then be averaged to show
the short term atmospheric action on the laser spot image.
Proper operation of this section can be se¢en in Figure 4
where two images of slightly different position and
intensity were averaged to yield an LSF halfway between the
two image functions as expected. Figure 5 shows a differ-
enced LSF where a small laser spot was added to a reference
background. The result is almost entirely the laser spot
with a small amount of "video noise" caused by the camera

and associated electronics.

>
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II. PREDICTION PHASE

Section IV (steps 119 - 139) enters the parameters of
the atmosphere and optics needed to model and predict the
laser spot pattern on the target. This section also yields
the calculated Gaussian laser intensity output if that data
is not measured in the next section. The output of this
section is shown in Figure 7.

Section V (steps 140 - 172) consists mainly of
branching, data reading, and subroutine action. These sub-
routines, branching and data input will be verified with
proper operation of the program as a whole.

Section VI (steps 173 - 183) calculates the diffraction
limited optics effect on the laser ocutput and produces a
radial point spread function of the intensity. The output
for a point source should be an airy function as results
show in Figure 8.

Section VII (steps 184 - 204) again consists mainly of
subprograms and also calculates the product of the calcu-
lated optics and laser output transforms. The output is in
Figure 9.

Section VIII (steps 205 - 220) computes the MTF of the
atmosphere based on the inputs from Section IV. The output
is in Figure 10.

Section IX (steps 221 to the end of the main program)

is mainly subprogram action in computing the final LSF
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predicted on the target using the source, optics and
atmospheric MTF's. It also provides a link to re-enter the

program for changed parameters. The output of this section

is listed under the subprograms used.
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III. SUBPROGRAMS

Section X (subprogram ABEL) produces a point spread
function (PSF) from the LSF computed for the target laser
spot. The input and resulting output is shown in Figures
12 and 13.

Section XI (subprogram LSF) enables the program to
compute a line spread function for later conversion to a’
MTF when the input is calculated by Sections IV and VI as
point spread functions or when the data is input in
Section V in the point spread function format. Sample
input and output is in Figures 14 and 15.

Section XII (subprogram B) calculates the fraction of
the power inside a circle of a chosen radius about the
center of the laser spot. This is helpful in determining
if the spot is intense enough on the target. The input and
output are Figures 16 and 17.

Section XIII (subprogram FXFORM) is a discrete Fourier
transform program that functions both as direct and inverse
depending on the flag set in the main programs. Several
Fourier pairs were checked to ensure correct calculations,
Figures 18 through 21.

Section XIV (subprogram SOURCE) digitizes an imzg~ of
the laser source for inclusion in the prediction
calculations. It is a storage of DS-30 video from the

Vidicon camera input.
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Section XV (subprogram SCALE) digitizes an image with a
standard diffraction grating for calculating the scale of
the data. Figure 22 is an example of this image.

Section XVI (subprogram OUTPUT) yields in useable form
all the data required for analysis. This subprogram was
used for all the output in the plot format. Functions
"MIN" and "MAX" are used by the "OQUTPUT"™ subprogram.

The program was run as a whole numerous times with
different I/0 parameters and data in order to exercise the
branching combinations and program steps. Table 1 lists
the I/0 parameters available and their uses. This
operation was simply to ensure the program ran as was

intended.
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ARRAY VARIABLE

TABLE 1

INPUT/OUTPUT PARAMETERS

VALUES

USE

ol

0

Same as 1 except program after one
time through ends, not allowinngor
computations with new range, Cn ,
ext. coeff.

Source pattern input is point
spread function.

2 Source pattern input is line spread
function.

3 Source pattern input is modulation
transfer function of laser only.

y Source pattern input is modulation
transfer function of source and
optics.

5 Source pattern is to be calculated
with amplitude and sigma of inten-
sity distribution as factors.

0(2) 0 Optics diffraction input as PSF.

1 Optics diffraction input as LSF.

2 Optics diffraction pattern to be
calculated as PSF.

0(3) 0 No plot of source line spread
function is required.
>0 Plots source line spread function
{(available only if 0(1)=0,1 or 5).
a(4) Q No plot of source MTF required.
>0 Plots source MTF (available only if
0(1) does not equal 3 or 4).
0(5) 0 No plot of product of source and
optics MTF required,
>0 Plots product of source and optics

MTF's (available only if 0(1) does
not equal 4).

52

v




TABLE 1 (CONT'D)

ARRAY VARIABLE VALUE USE
0(6) 0 No plot of optics diffraction PSF
required.
>0 Plots optics diffraction PSF
(available only if 0(1) does not
equal 4 and 0(2)=2).
o) 0 No plot of optics LSF required.
>0 Plots optics LSF (available only if
0(1) does not equal 4 and 0(2) does
not equal 1).
0(8) 0 No plot of optics MTF required.
>0 Plots optics MTF (available only if
0(1) does not equal 4).
0(9) 0 No plot of atmosphere MTF required.
>Q Plots atmosphere MTF.
0(10) 0 No plot of system MTF.
>0 Plots total system MTF.
0(11) 0 No plot of LSF of predicted target
spot.
>0 Plots LSF of target spot.
0(12) 0 No plot of target PSF required.
>0 Plots target PSF.
0(13) 0 No plot of the fraction of power
inside circle required.
>0 Plots fraction of power inside a
¢ircle of radius r.
o(14) 0 No plot of calculated source PSF
required.
any
other Plots calculated source PSF.
value
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TABLE 1 (CONT'D)

ARRAY VARIABLE VALUES

USE

0(15) 0
>0

Plots measured LSF of target spot.

Used as indicators of output
branching only, entry value not
significant.

0(16) 1

any
other

Inputs source with diffraction
grating from DS-30 for scale compu-
tations from output. No output
plotted.

Same as 1 except plots the above.

Does not do above input




ANNEX C

PROGRAM LISTING

JO: &im 2$([23],C3(5],Ds8(7],I8(272],0s(5],°28(5] ,wS(58],Xs8(4Q],R{
312],1.(51z2)

1: dim O[16],AS([13],YS$(4C],28(40]

2: f£iles O,T,2,R,G,V,W,C,I,07

3: fme 1,2,¢

4: time 154

5: cfg 3;cfg 2:cfg 1

6: rread 7,l;sprt 7,R{*];rread 7,1

7: buf "LATA",I13,3

8: rread 4,l;sprt 4,R{*]

9: beep

10: "INPUT I/0 CONTROL O[I]":

1ll: for I=1 to lé;ent O{I];next I

12: if O{1l]=2:g9sp "SOURCE"

13: clr 704

14: if O(lol=l or 0[16]=2;gsb "SCALE"

15: beep;dsp "ENSURE VIDEOUDISC ON .THEN PRESS CONTINUGE"
16: st

17: begp;ent "§ OF FRAMES TO AVERAGE", H

18: ent "WINDOW wIDTH ,FIRST PIXEL",r9,"LAST PIXEL",rll
19: H+l-+Hd

20: Qer3

21: for O=l to H by 4

22: for 1I=2 to 9

23: char(47)achar (535) &char (64) &chac (8Q) &char.(96)-C$
if I=2;:;"930 020"~D$

25: if I=3;"020"+0$

26: 1if I=4;"930 120"+DS

27: 1if I=5;"020"+DS

2d: if I=6;"930 220"-DS$

29: if I=7;"Q20"+DS$

30: if I=8;"930 320"+D$

31: if I=9;"020"+DS$

32: if len(D$)<4;gto 38

33: char(l)&"2"schar(2)sCS&cnar (15)&Ds[5,7]+ES
34: cli 17

35: wait 100

36: wrt 704,BS

37: cli 7

38: cnar(46)+CS$.{1,1]

39: cnar(l)&"2 "schar(2)sCS&char(15)&DsS[1,3]+AS
40: cli 7

41: wait 100

42: wrt 704,A8

s ¢li 7
: 1f I#3 or O>1l;gto 47

N
>
.
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dsp “BACKGROUND RECORDED"
wailt buo dsp "CONTINUE wWHEN Nx8<%RAMn §§AD¥"°stp

if D§ or I=3 or I1=9 ana
asp 'CONT. wHEN NXT FRAME SELECfED“-stp
next I

if H-0+1<4;gto 53

for X=1 to 4

gto 54

for X=1 to H-0O+1
“1"g"C"&"A"&"P"&char. (96)+PS$
if X#l;gto 57

1+J;0+Y;gto 62

if X#2;gto 59

stg 3;256+J;0+Y;gto 62

if X#3;gto 6l
l+J;255+¥;gt0 62
256+J;255+Y

62: for L=l to 256

63: dsp L

64: 0+D;""+0S;Y+1sY

85: Y*S512+J+S

66: for I=2 to o

67: int(S/16) »T

68: T+U

69: S=-T*l6+I*16~T

70: U+S

71: OSachar () -0

72: next I

73: char(l)s&"="&char (34) &char (2) §0S&char. (3) &P Sachar. (15)+BS
74: fmt 1,2,cC

75: cli 7

76: wrt 704.1,BS

77: buf "DATA"

78: tfr 704, "DATA", 256

79: rds("DATA")+E;if E=-1;jmp 0
80: for I=r9 to rlo

8l: num(IS(I,I])-2

82: D+Z+D

83: next I

84: D/(rl0~-zr9)+R[L])

85: next L

86: if £1g3=0;gto 91

87: "TAKE DIFFERENCE OF IMAGE AND BACKGROUND":
88: rread 3,l;sread 3,L1[*);for I=l to 256
89: abs(R[I])-I{I]))+R[{I];next I
99: gto 93 -

91: rread 3,1;sprt 3,R[*]

92: gto 113

93: 0+G;0-F

94: for I=30 to 226
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95: R[I}+G+G;next 1

96: for I=30 to 226;R{I]j+F+F

97: if F>=G/2;9gto 99

98: next I

99: I+-A

100: if O=1 and X=2;1l-rl

101: rl=-A»r2

102: for J=1 to 256+r2

103: R[J~-r2)»R[J]

104: if J<256+r2;next J

105: for K=250+r2 to 256

106: 0+R[K]

107: next K

108: sprt 7,r2

109: rread 4,l;sread 4,1[*]

110: for I=1 to 256

111: I(I]J+R{I]+R(I];next I

112: rread 4,1;sprt 4,R[*]

113: next X;next O

114: "TAKE AVERAGE OF ALL FRAME3S":

115: for I=1 to 256;R{I]/(H=1)<+R{I];R[I]+R[(513-I];next I

116: rread 4,l;sprt 4,R(*]

117: if O(l5]<l;gsb *oUTPUT"

118: beep

119: ent "RANGE",R,"SQCN",Q,"EXT CCEF",E, "WAVLNGTH",w,"0BJ LE

Ns",0

120: ent “0OBS/0BJ", B, "sCaLe",rll;sprt 6,R,Q,E,W,0,8,rl1l

121: "SYSTEM DATA-W=wAVLNTH IN METERS O=DIA OF OBJ LENS IN ME

TERS":

122: "B=DIA OF OBSUR/DIA Of OBJ LENS rll=SCALE OF DATA IN MIC

RORADS/PT" :

123: "R=DISTANCE TO TGT IN METERS":

124: “VU=SQUARE OF ATMOS TURB INDEX IN METERS " =-2/3":

125: "E=EXTINCTION COEFF (1/METERS)":

120: if QO(l]#5;9to 14U

127: beep

128: ent "AMPLITUGDE",A, "SIGiHA",C

129: for I=l to 25¢

130: rll*(I-1)»F

131: FT2/(2*C"2) +G

132: if G>13;gto 134

133: A*exp(=G)-l.(I];I+K;gto 135

134: Q0-I(I)

135: next I

136: rread 5,1;sprt 5,I[*];rread 5,1;sread 5,R[*]

137: 1+0[15]);if O[14])}#0;gsb "OUTPUT"

138: gto 149

139: "SOURCE PATTERN DATA INPUT":

140: rread 2,1l;sread 2,R[*)

141: §o§ I=s]l to 256
-
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3: if R{I]<=500;gto 146

4: next I '
1l45: gto 149 '
6: £tor J=1I to 256

147: 0+R[J]

l48: next J

149: O[1l]+T

150: "BRANCH ACCORDING TO TYPE OF SOURCE PATTERN DATA":

151: gto 152;if I>l;gto 155;if I>2;gto lél;if I>3;gto 206;1if

I>4;gto 152

152: "CONVERTS SOURCE POINT SPREAD FUNCTION TO LIWNE SPREAD FC
NY ¢

153: gsb "LSF"

154: 2+0(15);if O3] >0;g9sp "OUTPUI"

155: “CALCULATION OF FOURIER TRANSFORM OF LINE SPREAD FCN OF

SUUKCE" @

156: for I=1 to 25%&

157: R(Ij*R(513-1);next I

153: gsb "FXFORM"

159: rread 5,1;sprt 5,R[*] 1
loU: 3+0(15);if O[(4] >0;gsb "OUTRPUT* f
lel: if O[2]=2;gto 173

162: "OPTICS DIFFRACTION INPUT IFf NOT CALCULATED":

lo3: rread 8,1l;sread 3,R[*]

lo4: for I=1 to 256

165: I+K

l66: if R(I])<-500:;gto 169

1l67: next I

lo8: gto 182

169: for J=I to 256

170: O+R[(J];next J

1l71: gto 182

172: "CALCULATION Of DIFFRACTION LIMIT POINT SPREAD FCN": ,
173: B 2+D;1-D+H;3.14159e-6*rl1l*0O/wW+2 !
174: for I=1 to 256

175: 2*(I-1)+Y;if ¥>30;9to 178

l76: (”AIR!'(!)-D*'AIRY'(Y*B))“Z/H'Z*R[I]

177: I+K;gto 179

178: J0-R[I]

179: next I

lad: rread 8,1;sprt 4,R[*]

lél: 4+0(15];:if QOle]>0;gsb "ourpUuT"

182: if O[2]=1;gto 138

183: "CONVERTS OPTICS POINT SPREAD FCN TO LINE SPREAD FCH":

l84: rread 8,1l;sread d3,R{*]

185: gsb "L3F"

186: rread &,1;sprt 3,R(*] .
la7: 5+0[15]);if O[7] >0;gsb "ouTPUL" ~
188: "TAKES FOURIER TRANSFORM TO GET OPrICS MODULATION TRANSF !
ER FCN": :
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1s9:
190:
191:
192:
193:
i94:
195:
196:
197:
198:
199:
200:
201:
202:
203:
204:
205:
206:
207:
208:
209:
210:
211:
212:
213:
214:
215:
2lo:
217:
218:
<19:
220:
221:
222:
223:
224:
225:
226:
227:
223:
229:

230:
231:
232:

rread 8,1;sread 3,R[*]

for I=1 to 25¢

R(I]J+R[513-1I];next I

gsb "7 XFORM"

for I=1 to 256

if R{l]=0;gto 196

R[{IJ/R{l]*R{I});next I

rread 8,l;sprt &,R{*]

6+0[15);:if 0O(8] >0;9sb "OUuTPUT"

"CALCULATION Of THE PRODUCT OF TwO FOURIEK TRANSFORMS":
rread 8,1;sread 8,R[*});rread 5,1;sread 5, L(*]
for I=1 to 256

RII)J*I[I])+R{I]);next I

rread 10,1;sprt 10,R[*]

7+0[15]);if O[5]>0;gsb "OUTPUT"

exp(—-E*R) +X

"ATMOS MODULATION TRANSFER FCN CALC=-SHCRT TER1":
Q*R*21.6+A; W (~.3333333)+B;G+V;0+L;X+R[1]

for I=2 to 256

gto 214;if L<=0;gto 215;if L=0;gtoc 203
976.5625* (I-1)/cll+T;A*T"1.666667*(B=(I/0)".3333333)+3
sfg 14

if G>13;1+L

1f G=-v<0;=-1-+L

G+V;X*exp(=-G)+R[I] ;I+K;cfg 14;gto 2138
0+R(I];gto 218

R[K]*cos ((I-K)*3.14159/K)"2+R(I)

gto 217;if I-3*K/2<0;gto 2138

I+K;1l+L

next I

rread 9,1;:;sprt 9,R(*]

8+0([15};if 0O{9)>0;gsb "OUTPUT"

"TRANSFER FCN OF SOURCE*OPTICS*ATMOSPHERE":
rread 10,1;sread lO0,R[*);rread 9,1;sread 9,I([*]
for I=1 to 256

I[I]*R[I]}+I[I1]

L{I)+R[I]

R[I]*R[513~-I]

next I

9+0(15]);if 0O(10}>0;gsb “ouTPpUT"

“INVERSE FOURIER TRANSFORM GIVES TARGET LINE SPREAD FCN"

sfg l;gsb "FXFORM";I+»K;cfg 1
10+0(15]);if Q[11}>0;gsb "OUTPUT"
"CONVERTS LINE SPREAD FCN 1'0O POINT SPREAD FCN BY ABEL TK

ANSFORM" :

233:
234:
235:

gsb "ABEL"
11+0[15]);:;if Q[{1l2}>G;gsb "OUTPUT"
"CALCULATES THE FRACTION OF THE POWER INSIDE A CIRCLE OF

RADIUS R":
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236: gsb "B"

237: 12+0(15};:if Q[l1l3)>0;9sb "oUureur*

238: “READ IN NEw RANGE AND Q IF RANGE NEG. READ IN ALL NEW D
ATA" :

339: "STARTING WITH I/O CONTROL CARD,IF RANGE=(C PROGRAM STOPS

240: "IF RANGE IS POS. THE PROGRAM CARRIES OUT CALC’S WITH .TH
E NEW": .

241: "RANGE AND Q":

242: if O[1l]=0;gto 245

243: ent "RANGE",R,"SQCN",Q,"EXT COEF",E

244: gto 206;1if R<=0;gto 119;if R=0;gto 245

245: end

246: "ABEL":R[{1l]+N;1l.4R{1]-1.8R(2]+.4R[3]+R{1l];for I=2 to K
247: R{I]*

248: 4N+ .2~ .6R[I+1]+R[I] ;M+N;next I

249: for I=]1 to K

250: R[I)/(2*y((I+.1)"2=-11))+R[I]

251: for J=I+l to K

252: RII]J+R[JI)/Y((TJ+.1)"2=11I)+R[I]

253: next J;R[I)/7n+R(I];dsp I;next I

254: ret

255: "LSF":for I=1 to K

256: l+J;dsp ";R[I]+2

257: Y(I*I+J*J) +Y

258: 2* ((l-frc(Y))*R[int(Y)])+frc(Y)*R{int(¥)+1])+Z+2
259: J+l+J;if ¥Y<K:jmp -2

260: Z+R[I]);next I;ret

261: "B":.257R([l]+R[1]

262: for I=2 to K

263: 2nIR[I]}+R(I-1]+R[1]

264: next I

265: if R[K]=0;ret

266: for I=1 to K;R{I.)J/R[K]+*R[I];next I;ret

267: "AIRY":if pl<0;beep;dsp "ERROR pl<0";stp
268: if pl=0;1l+r4;ret r4

269: 0+r5;if pl>l5;jmp 2

270: 20+10pl-pl~(2/3)+r6;jmp 2

271: 90+pl/2+c6

272: if pl<5;6+pl+rl2;jmp 2

273: l.4*pl+o0/plerl2

274: max(int(rl2),int(3+pl/4))-rli2

275: for M=rl2 to r6 by 3:le-28+r3;0+rl3+rl4d
276: sfg 10;if M/2=int(M/2) ;cfg 10

277: for J=1 to M-2;2*(M-J)*r8/pl-rl3+rl5;r8-rl3
278: rlS-+r8;if M=J-2=0;rl5~r4

279: cmf 10;rl4e+2*r8*£1gl0+rl4;next J

280: 2*r8/pl-rl3-rls

281l: rld+rlS-rld;r4/rld~-r4

282: if abs(r4-r5)-abs(r4*le-6)<=0;2*r4/plerd;ret r4
283: r4+rS;next M
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234: beep;dsp “"Accuracy not obtained";wait 1000;ret r4
285: "FXFORM" :rad;9+N;ina I

286: m/27 (N-1) T

287: for M=1 to N;2"(N-M)=+rlé

288: for J=0 to 2°(M-~1)=-1l;cll °‘BI‘(J,P,N-1)

289: cos (PT)+C;sin(PT) (1-2£f1gl)+P

290: for I=2rleJ+l to 2rl6J+rlé

291: R[I)+r0;R[I+rl6]-rl

292: I{I}+r2;I(I+rl6]~r3

293: rO+rl*C+r3*P+R[I1];r2+r3*C-rl*p~1I[I)

294: r0-rl*C-r3*P+R[I+rl6]

295: r2-r3*C+rl*P+I{I+rl6]

296: next I;next J;next M

297: for I=0 to 2°N-l;cll “BI'(I,J,N);if I-J>0;jmp 8
298: if I=J;jmp 5

299: R[I+1l]/y(2°N) =P

300: L[I+1)/y(2°N)+2

301: R[J+1]+R[I+1];I[J+1]}+L[I+1]

302: P»R[J+1];2+1[J+1]

303: R[I+1]/Y(2°N)+R[I+1)]

304: I[I+1]/Y(2°N)=+I[I+1)

305: next I;deg;ret

306: "BI":0-p2;plep4d

307: for Z=1 to p3

308: pd/2+p4;2p2+p2

309: if frc(p4)#0;p2+l+p2

310: int(p4) *pd;next Z;ret

3l1l: "SOURCE" :sfg 2

312: beep;dsp *"DISPLAY SOURCE IMAGE ON VID DISC";wait 3000
313: cll °SCALE”’

314: rread 2,1;sprt 2,R[*]

315: cfg 2;ret

316: "SCALE" :if flg2:;gto 318

317: beep;dsp "DISPLAY SCALE IMAGE ON VID DISC";wait 3000
318: dsp "THEN PRESS CONTINUE";stp

319: ent "WINDOW WIDTH, FIRST PIXEL",r9,"LAST PIXEL",rlO
320: for I=2 to 3

321: char(47)&cnar(55)&char(64)&char(8&)&char(96)*C$
322: if I=2;"930 020"+DS$S

323: if I=3;"020"+DS

324: if len(D$)<4;jmp 5

325: char (1)&" Z"&char (2) sCSachar (15) &DS$S(5,7)+BS

326: cli 7

327: wait 100

323: wrt 704,BS

329: char.(46)+CS[1,1]

330: char(l)&"2 "schar.(2) sCSachar (15)&DS(1,3)+AS
331: cli 7

332: wait 100

333: wrt 704,AS
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:t next I

mlng"Q"&"A"&"P"schar. (96)+PS
leJ;0-+Y

: for L=1 to 256
: dsp L

U+D;""+0S;Y+1eY
Y*512+J+S

for I=2 to o
int(5/16)+T;T+U;S-T*lo+1*16+T

U+S;08&chnar (T)+0$

next I

char (l)&"="&char (34) &char (2) &0 $&char ( 3) &P S&char (15)+BS$
cli 7

wrt 704.1,BS

buf "“DATA"

tfr 704 ,"DATA", 256

rds ("DATA") +E;if E=-1l;jmp O

: for I=r9 to rlo

num(I$S{I,I])+Z;D+Z+D
next I

: B/ (rl0~r9)+R[L]

next L

if £lg2;gto 358

if O(l6]=2;gsb "OUTPUT"

ret

"QUTPUT" :

beep

dsp "STOP IF PLOTTER NOT READY THEN CONTINUE";wait 3000
sfg 14; 'MIN‘(256)/ ‘MAX (256)+rl7;cfg 14

if r17¢~-.1l;scl ~-.75,1.05,-30,264;plt 1,0,1;jmp 2
s¢l -.15,1.05,-30,264;plt 1,0,1

for I=10 to 0 by ~1

plt 1/10,0,2;plt 1/10,256/150,2

plt 1/10,0,2;next I

for I=0 to 16

plt 0,161,2;plt 1/150,1¢€1,2

plt 0,16I,2

next I

pen;csiz .9,1,1.4

fxd 0;for 1=16 to 0 by -1;plt -.1,16I-1,1

1bl 16(16-1);:next I

£xd l;for I=0 to 10;plt 1/10-.06,-5,1

1bl I/10;:next I

if O[15]=10 or O[15)=0;"TARGET LINE NUMBER"~Y$
if O[15]=1 or O[15]=11;"POSITION VALUE"~YS$

if O[1S5]=10;"PREDICIED NORMALIZED LINE VALUE" +X$
if O[15]=0;"MEASURED NORMALIZED LINE VALUE" +X$
pit -.12,51,1;csiz 1.2,1,1.4,90;1bl ¥S

plit 0,-13,1;¢csiz 1.2,1,1.4;1bl1 X$

csiz .5,1,.7,0
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384: "MAX’(256) +r7 ‘
385: if r7=0;1-r7

386: for J=1 to 259

387: plt R(J)/r7,257-d;next J

388: pen;ret

389: "MIN":R([l]+p2 |
3390: for I1=2 to pl;if R[I]>p2;jmp 2 ‘
391: R[I]ep2 \
392: next I;ret p2

393: "MAX":R[l]*p2

394: for I=2 to pl;if R[I])<p2;jmp 2

395: R[I]+p2

396: next [;ret p2

*21194
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APPENDIX D

COMPARATIVE MEASUREMENTS AND VIDEO DATA ANALYSIS

USING A DIGITAL STORAGE OSCILLOSCOPE
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ABSTRACT

This appendix presents a comparative analysis of common path (laboratory
environment) measurements of an for a telescope/slit scan system and a
video system. Included is a computer program in algorithmic language that
uses a digital storage oscilloscope to analyze the video data. Both HeNe and |
GaAs lasers are used in the comparative measurements. !
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I. INTRODUCTION

A. BACKGROUND

The increasing uase of lasers and las2r techrology for
mili+ary applications has brought about a1 need fcr analysis
of +the laser beam in its =2nvicorment, “he *ucbulern:
atmosphsare. A proja2s% at Naval DPostaraduzte Schocel d2aling

with this subject is continuia
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this thesis,

The patterns produced by lassrs on targets have inherant
pccblems that inclads broadeniny, Dbeam wzander 2ad inzsnsizy
fluctua*ticns brough% about by <turbulznce i1 the a+«amaocsphera,
These sffzcts 0f atamd>sphsric tucbulence orn laser propagazicer

have heen well detzrained {Raf. 1]. In terms of “he ®?ciad

fractive index struc+urs

[}

model, [Ref. 2], Cnd, *the =
constart, has beszn de+2rminz2l *o adequately <xpress =he
Modulation Transfer Pinc=ion (MTP), <cr th2 Mu<ual Csh=Tznce
Furnction (MCF) for the a+mosphzsra2.

A sys2em has b2en develop2d that prcvides a measurzasnt
of C 2 for atmospharic turbulzace zlorng the optical pa<h

through which a laser is prooajated. Th2 system enplovs 3

o




w

Z 2as

vidicon and telescops as the dztactor and a3 éistant las

the source. This system duplicates the slit scanning systen
preseptly 3in use at Naval Postgraduate School [Ref. 2].
Tests using +*he vidicon equipment have ©been previously
completsd with values for CL2 5>n the order of 10-1s p-2/3
being obtained [Ref. 3]. M2asur2ments have been mads usirg
*he same experimental set-up, =2xcept *ha* thes Tektrorix U€S8
Digital Storage Jssilloscop2 ar=2 used £Sor digi<iza+ion
instead of +he Quantax DS-30 Digital Vidsd Processor. These
measurements have demonstrat=d values of 2,2 of comparable
accuracye.
B. PROBLEYM

By using 2he digital storags czpability o< the Tek:ronix
u68, =he previously recorded laser signzl is used =z2s an
input and is evalua+2i by modifyirng the program developed by
Crager [Ref. 4]. A brief ovarview of +the procadurs is
described below. Detailel explintions of the experiment and
computer program 2r2 c¢ontaia=i in Chapt%=2rs IITI aad 1IV,
Tespectively.

s basically +the same as that of

po

The approach takan
Crager, but because 2f the umavailabilicy of a disk ROM it

is necessary ¢o0 std>re both raw and processed data cr

10
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lagrne-ic “*ape. The diz*z 2ac2  lcaded and rz=cozizi oas
necessary by the HF 3325. Th: basic assaaption pzcaic=ing
aralysis is that th2 horizoatal TV scan lire <chk-ough *he

laser spot is comsidared to acsurately amirctor = peint spread
function of <the inage. Pinal analysis using thz 468
oscillcscope has shown this to> b2 a valid Lypothesis. The
digi+ized da*ta from the 468 o>Sscilloscop: 2gree with <£he

previously measured 3ata wshich

data digitized by *h2e D5-30 to express
furction,

The szquence of
*he TV

is made cf image of

ouzput of the vidzs recordsr is5 sza2n: %2 the

where the derived I'V scaa linzs is digisized, avzaragagd,

stored. The HP 9825 records th: Jigi<ized Jata and produces
a 1line spreai <function (LSF), by in=egrating “he point
spread furnction,
Y (max)
LSF(x) = PSF(r) iy (1.1)
Y (min)

where

11




and computes the Fourisr +transform of the LSF. The
diffraction limitel Fouriar transform of the optics 1s aow
computed if the MTF of the optics has not bsen previously
measured 2xperimentally. Next, the prograa £inds the MI'T of

tke atmosphere by dividing ths Fourier transform cf ths LS?

tny

2r %Ia2nsioszTm 2% %h

*ics. Tinmally, by cuctvs

}re
w
(W]

W

by “he Four
fitting, the program zomputes a single values for C,2.

The program now pra2dédicts th

({1

size of a laser sSpot oOn 2
target using the cal-ualated valae of Cuy2. This value of C;2
is used %5 calculate an MIF >f the atmosphere which is <hen
multiplied by <+he Fourier transform of 3 source, 1nd <he

Fourier transfcrn 5f the o>2ptics. Th

1]

pzograa  %asn
calculates +he invarsz2 Fourisr transforma 92f the products cof
the above and uses the Abel transform *o give the aagular
point spread intensity distriaution. From this da<a, <the

fraction of enerqgy as a functisa of the total eansrgy within

a given radius R is zalculatei.




II.

"3
13}

HZOREIICAL ZQNSIDERATIQN

The thecry of laser bsam propagation through 2 <urbulent
medium has been explained by Zrit“snden, 314 othars, and is
re-emphasized here for continuity purposes [Ref. 2]. Since
the effects of +turpulence on laser weapons is of aajor

concern, measurement and prsdic+tion capabilicy for

s
B
1
wn
D

effects on laser bzans is erntir2lv ralevyarnt,
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w

Due to the existsace of r2-iprocity, these Idzas 2
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stuéy of the theoretical wmed2l by Fried, the efface

atmcspharic turbuleirze are iivastigazad
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zodel uses the ZIdez of a long t2rm optical transfer fuac=icrn

(OCTF) when consiiz

1
4

ng 2tmdsphaaric +“urbulanca. Thz long

term OTF results from simply tac<ing an image
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th
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[=1
kh
th
' .
0O
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3
ot
e
s

lorg *“2rm which se=2s effaectivaly all possibie <urbul=ance

configura*icns.
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[
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When observing %12 effact >f 3Zffraction as +he ~2

of the <£f£inite aperture of a point scurce, =% car  be =s=2e

]

that “hs resui+ting 1inage is 1ot uniform. Considering <he
point spread functioa %to hava thz2 same shipe in =he image
plane ragardless 5f its pssitisa, the image funciion is +he

resul® of +the convolution of th2 sourcz func+isn and <he




op-ics diffraction func*ion. The convolution thecrem, as

described in Fourisr transfora theory, yields

1(v(x),v(Y))=H (v(x),7 (y)) *o(v(xX),V(y))*M (Vv (x),V(y)) (2.%)

where

I(v(x),v(y)) = Fouriac traasforn o< the ima

Vel
o
th
©
2]
a
ot
(K
Q
=

O
1
(Y]
).
b
'
B
yJd
i}
N

HA7 (%) v (¥))=

L
(R
"
i
n
th
')
13
=)
(9
th
v
T
n
(9]
'r’
r

o(v(x) ,v{y)) = Fourizc transfizcn >I the object Zfurnc<tion

M{v(x),(v(y)) = Modulation Transf=2r Func=ion of
<~he a3t mosphers

v = spatial frequency

A pcinr*t sourcs such 2s 2 lasar car bz analyzed in <wo
dimensions using a point spr=2ail function. Through Fourier
trarnsform theory, the image point spreaé function is
transformed in*o 2 +two dim=nsional OTF of <he  optical
sigral. This problzam may b2 siaplified@ by scanning the
image point spread function usiag a3 vidicon or sli%-scanning
sys<ten. In applyingy the <conv>lution *hesrem, *he Fcucier
transform of the image point spread function is multipliied
with the Fourier traasform of “he opvtical system Cssul%ing

in the FourZier +transfora cf th:z overall systaam. The abel
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+carsfcrm dsscribed by Griem, i1z appliel to *his zzs:ls 42

re-transform +the 2s12-diaensi>ial iImage LSF iz4o 3 two

dimensional image PSF [Ref. 7].
As demonstrated by Crittendzn, and oth=srs, a numerical
value for Cp2 may b2 obtain2d by curve fitting using <he

following:

M= exp(-21.09%C [2*%2%f3/3%)~1/3) (2.2)
where
M = MTF of the atmdsphere

Z = Range in meters

H
[

F*v = Angular spatial frsguzncy in cyclas/radian

P = focal length of the opticil systen

v = linear spa+ial fraquency in cycles/metar

A = wavelangth in aetars

Cp2 is obtained by a linear rzgrassion of

e

In(M) = ~21.494C (2¢Z*fS/3%)\~1/3 (2.3)

where C,2 is the only paramet=r.

15
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III. EXPERIMENIAL PROCE

DURE

The experiment is performsl1 wusing two different laser
sources, helium-n20a (He-N2) 2and gallium-arssnide (Gi-As).
Figure 3.1 shows a black diagram of the 2xperimental s=24-up
used for both lasers.

The measurement 2f Cpn2 along the optical path is maie by

s
- LRI PN
-.'XG o - - - -

th

P BN
13 C

{8

azl

i1
rt

2T Ta

usirtg & vidicon ani =2lescop

({1}

in the basemenrnt of Spanag2l Hall. Atmosph=acic turbulenze is
prcduced by nine overhead hot air ventilatsrs. The optical
equipment similar ¢o that described in refarence 3, coasists
of a 6 inch diams%=r Casszgrain telescope with a 90 izch
focal length [Bef. 3).

Using neutral d2nsicty absorption <£iltzcs to a‘t2nuacte
the irntensity of the 1lassr bean, tas t2lescop2 is
illuminat=2d a+ Its iaput apertus2. The light image £zoam the
telescope is split by a b2am splitter with one beam s2nz =2
the vidicon and the >ther t5 a slit scanaer for comparison
of the two systens. The light <is %*hen tzansformed =0 an
analog signal and racorded on a Panasonic(NV-9240) video
tape recorder for processing. The 3Iata from +hs slit
scanning system arz racorded on a1 precisisn inst-ument <ape

recordar f£or analysis. Af-ar rz2cording the video signal,

16
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anaiysis is accomplishel wusiay a Tek=ronix 468 Digital

Storage Oscilloscope and a Hswlat+ Packard 9825 Coaputing

2

Systenm. The linearity of the Panasonic tape <rTecorder was
demonstrated in Cragar's thesis. This is also confirm=d by
observing the images as r=al tim2 and recorded
displays [Ref. 31.

The 468 oscilloscope is s2t-ap in the follcowirng manner.
Ar Input signal to chanr2l A is located 2a +the scope usin
the non-storage mois. Phz signal is thsc displavad using
“he A INTENSITY switzh of tn2 horizon+al display. This
irtensifizd zone is 1sed to position the B sweep (delayed)
“0 the desired 1locicion within the A sweepr interval ‘o
obtain an expanded vizaw of 2 wavaform for 2xamination. Once
the waveform is <zceatereld on the scope, <~he ‘kerizontal

isplay is switch=i =5 3 DLY'D. This Is 3done %o facilizate
the digital storage circuictry time base by using the sat+*ing
of the B8 TIME/DIV switch.

The waveform is 2xpanded in <ime by dzcreasing +<he A
TIME/DIV switch setting and moving *he waveform back *5 the
middle of *he scope using tha 121lay %*imz posi“icn control
dial. dhen a reprzsentativa savefosrms is oSb+ained, “he B

TIME/DIV svitch is *then used in zornjunctisoa with the delay

18
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time positicn ceoneral 4izl %>

w

Y

-
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tw

Xp
the singls c2rntral anaximua of ths waveform is centazed
cne horizontal sweap is display=1.

Once this waveforas is satisfactorily obtained, tha
storage mode is s2lected. Th2 468 will average *he i
sigral for a selact2d numbar 5f sweeps ard display
accumulatad wavefora. 411 3data £5r *his thesis us:z
sWweeps for each averaje, Th2 458 is now ready t¢c =ran

data when intsrroga==2l by th=2 HP 9825.

th
w

The computer is +ha2 coatroller Zor all intar
operations with only 3 aiiimal amount ¢f Jper
in=eraction. The oJperatcr intsrface Is mainly +o0 2n

to selsct 1f

m
o
[oY)

<hat the equipment Is properly s2%t up
are *o b2 plot=zed. Digitization of the analog signa
accomnplished by the Ta2ktronix 453, Procz2ssed waveforn
are transferred fromn the aw@icroprocess>r a@memory 2

Storage Display RaM [Ref. 8].

The con+%rolliny scogram of *ha HP 9825 intercogates
463 via the IEEE 488 in+tarfacz bus. Ths U468 ceaceives

data raquest from the controllar and sends the wave
message, both presamble and data. The waveform messag

stored in the <calculator m=mdory £cr fucther process

19
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When the message is complated, thsz
of iInstruction

of the bus again.

Data processiny 5f the digitiz
data being
computer.
main program. Subroutines ars zal
specific uses. Th2 +*wo signal w
processed. First, the signal fro
the aperture 2f thz t2lesczops i3 r
3.3 show these recorded iata waic

source data. Seconi, for calibr

er Dpeam with a 3iffraction

in

lz

aperture of the teleszope is racor

calibrated by usiag a grating

spaced ver*ical bars in front
produces a diffractisa pattera in
for *he <calculatisn >f %he
data are referred to as the scal
Pigqures 3.4 and 3.5.

During the recoriing procass,

beam is recorded oa video *ape «h

20
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teraiizator and the controllsr

stored on magneti:z tape

scile fac+or.

458 conzludes wita 22 end

takes cortrol

ed signal begins with the

for further use by the

The data are storzd, processed and plotted by thz2

led as na2cessary for theic
aveforms are recordad zand
m a laser bezam irncidsza<+ 2%
ecorded. Figures 3.2 and
h are r2farred ¢ as <te
ation, the sigral from a

] 3 b -
grating in place 29 <t

(14

ded. Th2 2ntice syst=za is
that consists of <closely
of +the =t=zlescope. This

“he imags plane and allows

These recorded

ot
{
[o7]
"
B

2 da+*a 232d are ploz

the sigaal from the lasezr

ile *he sigral is obszrved
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on *he 458
data *=axiag

often very

completion

cscillcssope. Thisz procedur: is

- -~
s ~

o
18}
[N
ol
W
'—l
LIl
w

[&]
o
(1]

sensitive to minor movements of

of rezoriing the 3z2¢a on

Mo TTznT Lo
fscusiagy ace
ither. 0 zon
Tape, the

experiment is ccncern2d with th2 compilatiosn and

analysis of

data. The first i%+22 *o be Js:=2rmined is the scalsa facz+or,
Once the scale factor has be22n i2terminzi, it W4ill c=main
cons<ant througaout the caliculations, anlsss tas t2i23c¢Cpe

focal length is changad.

The scale factor is cilculat=3d irn *h2 £o5llicwWing mazaar.
The number oI points between th2 peaks In the plot 9% +the
sczle da%a (diffraction graziry in olacs Iin €ron= 2£f =as

telescope arerture) is measurzi.

peaks, the spacing batween th2 bars in +he g-atiag, aad

waveleng*h cf£ the laser a:-e known, <he scile fac%or =31 be

calculated from *the ra2lation

sii(theta) = A/d (3. 1)
sia (theta) ~ theta (3.2)
(small angl2 approximation)

sf = (theta)/ndp (3.3)
sf = A/ (d*ndo) (3.4)




whera

sf = scale factor in radiars p2: point

A = wavalength in n2ters

d = spacing between lines on 3rating in asters

ndp = al maxiaum
ak

This s—andardizes thz data f£2r tha apscissa of <h

(]
o
[ o]
(6]
ot
(1]
'
1

radians p=2T poin=,

The program now tikes the trcansferred datz azd computes
a point spread func%is>n as showa ia Pigures 3.5 and 3.7.
Pigures 3.8 and 3.3 r2presanct the poiac spread funczicn
afwer ip-egraticn using =zguazisz>n (1.1) t> obwainx a lize
spread func<tion. Na2x*, the Fourier +transicrm of %he line
spread func+ion is calculz2+ad. These curvas 2:e plot-=q in
Pigures 3.10 2nd 3.11.

The diffraction o5f %ths optizs is comput=d and plot-ed as
shown in Pigures 3.12 and 3.13. Frollowing +he same m=2zhod
as before, <the line spread <fuanction of ths optics func=ion
is calculated and plotted in Figurss 3.14 and 3.15. The
prcgram now takes the Fourisr transfora of +he op*ics

furction LSF. Thasa data ar2 plotted in Figuzes 3.16 and

29
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3.17. The Fouslzr tcansforms > the systza znd co=ics ace
divided point by point > yi=2li the MTF of the ataosohare,
as shown in Figurss 3.18 ani 3.19. The MTF 9of the

atmcsphers will be us2d to> calculate the long-term valu-= of

Cp? is calculated by line2ar ragression 5f 1n (MTF) varIsus
fs/3. The siope of the regrassion is proportional to Cp2.

Twe simultaneous =2gquitions 2rz solved using Cramert's cul

({1}

and the matrix ROM of the HP 9825. The ejuzatiorns used are

a*X + b*I = Y (3.5)
a%Y2 ¢+ bey{ = Yy*X (3.6)
where
a = sicpe o0f the cucva

b = iptercept

X = summation of (I*sf)**(5/3)

(*%2 = summation of (L *sf) **(1]/13)

(]
[

poirnt number (to=al rambsr = 256)

1

summation of natural logarithm of MTF

¥*X = summa*ion of products of two values

29
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Cp? s Oobrained from the 2bov:s informatice using =2guazisn

(2.3). This will yi=ld

Cp?2 = a/ (=21, U9%Z*L**(5/3) % *%x(-1/3)) (3.7)

The program now goes to the prediction ophase 1after
calculating C 2 for the ataosphere. If a Gaussian
dis*ribu%tion for an input sour=: and a valuz of the standard

deviation ar2 assuazd or Kknown, the esul+irn

r

SJuIcC

@

[Te]

the computzd soarcs

o]
th

furction can be calculactedl. A plot

w

is shown in Pigure 3.20. It zZ3aa1 be seen from this plot <ha+
the half-width at half-maxiaoum is approxima<ely 4

microradians. As bz2fore, the line

n

pread runction of the
¢compu+2d sourcze is calculatesd 313 plozted., This is shown i:n
Figure 3.21. The Fourier traansforama »>f +this daza Is
calculated and plot<¢21 in Figurz 3.22.

The program now multipliss ths Pouriasr transform >f the
ccmputed source with the transfarm of the system (including
the atmosphers) anl plots the resul% in Figures 3.23 and
3.24, Plots of the inverss Fourier “ransform ace showa ir
Figures 3.25 and 3.25. Naxt, th2 Abel transform is compu<ted
ané plotted in Figurss 3.27 ani 3.28. The aAbel transform,

as described in Chapter 1II, ¢transforms 13 one-dimensional

30
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lire spread Zunciion imto a téo-~dimensional poin: spoead
function, Finally, the fraction o power inside a circlszs of
radius R is calculat2d and plotted as shown in Figureé 3.29
and 3.30. This is the fraztiop of power that one would
expect to be incident on a targ=t using ¢he measursd value
of atmospheric turbulznce as an input paraamster. A detailed
araiysis of “he computer progr-an is the subject of <h2 aext

chapter.

i
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The program prassza+ted hers i3 writ%en in the algorithmic

Language 2s ou%xlinel by Grahan [Ref. 9]. I- is inzzaded

that the language in use h2r2 be gmacaire irndepenlent.

Comments appear in parentheses.

Alacrithm_Laser
{Irpu* which laser is uszd.)
Input Laser_Wavelsngth
ESTRING<== Type_»of _Laser

(Inpu=z if +he partizular las2r source dz%a z-e Cacor led,

r3
»

te Zollowing lines 3le*ermin=z 1f thz laser szouzce 3a=2 z:o2

i

'

)

eady zeccried. If€ <ths sdurcz 3a%z arsz 23t -zceriszl -aer
the program goes t> +the +transfer suybroutine <o allow
interfacing with “h2 463 =o zffzc% 2 dat: =zrznsfz-, The
parametars passed to> the Plot subroutine have the following

significance: <the first parasstzr de“ermines th2 herizon=al

({1

index, for example 512 points or the number »f aicroraiiane,

The second parameter tells *h: compu*tsar which f£il2 <hs 3a+a

are recorded on so ta2 data can be loaded into menmory. Th

[11]

| firal parameter det2rminas th2 labeling 2f <*he horizontal




axis eithsr in data polats, al

G
ti
(o]
11
f
§as
K
fu
te
n
-
O
'
'
e
‘
{«
1)
n
W
L]

microradian.)
If Laser_Source_not_recoriel ¢hen
Call Transfar (Source_Pilie)

Call Plot(512,Source_File,0)

Erd If
(Irput if +the particuylar lassr scale datz zre rc229rdied,
Scaile data are ra2corded wi+th <the diffracetior gratiag in
place. I£f the s2ale data 1224 %0 be recorded, the

subrou+=ine Transfer is called 211 +he scale da*a arfe stoT

W
fa

or a separa=e file.)
If Laser_Scale_ndt_resordzd then
Call Transfar (Scale_Fila)
Call Plot(512,Scals_£fil=2,0)
End 1%
Inaput Scale_Factor
(Calculation of +he scales factor is detailad :ip Chapwer ITT.
Comparison of <tha time basz 2% <the r=2c5-ded 3a%a2 is
necessary “o ensure that the2 3ata recordizd rave <he sanme

time scale on +*he >3scilloscop2. If <+hs time =scal

w

s are
different the program stops ani displays in =zrror message.

A file is loaded, *h2 wavefora preamble is searched for ke




Y{UNITS" or MXINCR" dsciiloscope sztTings 2o =ae
particular data arz storszi. This is done for each ~2f tae 3
recorded files: SJurce, szils, and collimated da<a.

Collimated data rzfsc ¢> th2 same laser recorded urnder
con*trolled conditions. The laser beam is projected in a
collimator and recori2d on taps. This data could be used to

remove any non-linzarities of th2 video rezorder

-

M
fav
o
(9]
ot
b ]
(0]
s |
.l
Q

equipment, ¢r recsiviag optics. Da%ta =l21zn4s are cocaparced
to ensure consistancy 9f inputs.)
Input Laser_sourca
8<== pos(Laser_S>urce,'R:")
R1<== val('B+2',3¢+4")
3<== pos(lLaser_3Soazce, 'IT:)
ASTRING<== Lassr_3ourca('8+3','2+4")
Input(Laser_Scalsy
B<== pos(Laser_Scile,'R:")
R2<== val ('B+2',8+4")
B<== pos(Laser_Scale,'IT:")
BSTRING<== Laser_Scala('B+#3','B+U")
Input(Collimat=d_35ourcse)
B<== pos(Collimat2d4_Sourcs,'R:")
R3<== val('B+2','8+4)

B<== pos(Collimat=2d_S>urca2,'IT:')
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w
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[9]
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w
x:
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[o )
n

ourz2 (YB+3',18+¢4 1)

If ASTRING = BSTRING = ZSTRING then

Input ROATA(Filz_Yumber)

End If

Else
Ou+tput 'ERROR IN TIME 3CALZ'
Stop

End If

(Array is ini+tializ23 *o 0)

Do for T = 1 to 512

YDATA (I)<== RDATA (I)

End Do
(TLis section takes the data from the wavafooza 1essage as
transfarred Srom th2 468 and r2aoves any DZ backgrouai from
ar image as well as subtractiny the minimam value in »rder
to "zero" the data. This mak2s y=0 as ths s*ar+ing poiat :
for both calculation and plotting purposss. Data up %3 51
and greater than 463 are summel 2nd sterei in B.
This represerts the "wings" of the curve. This
process removes the DC background f-om an image.)

Do for I = 1 to 512




A<== A+YDATA(I)
I£ I < 51 than
B<== YDATA(L) ¢+ B
End If
I£ I > 463 then
B<== YDATA(I) + B
End If
Znd Do
(Output for débugqi:;)
Output A,B
(Average of the sum of data values in the "wings".)
D<== B/ 100
(This is the total sam cf all 3ata less ths “wiogs'" value.)
A<== A=-512%D
(A1l data are summel and stor=2l in C. Each da2ta
is compared with tha previous total divid=3i by 2.
This will find the iadex value, I, £or which
the maximum value exists.)
Do for I = 1 to 312
YDATA(I)<== YDATA(I)-D
C<== YDATA(I) + C
If C < A/2 then

J<== I

53




End If
2nd Do
(Output for debuggiag.)
Output C,J
{The curve is shift2d so that th2 maximum value starcts
at +he origin of th2 horizocta2l axis. This is called
the point spread fun-tion and is recordei as RDATA.)
Do for K= 1 t> 256
IDATA (K)<==
YDATA((J~K+ H mod512+1) +¥YDATA ((K+J-1) mod512+1)
End Do
Do for T = 257 %o 512
RDATA (I)<== ) .
Erd Do
Do for I = 1 t>5 256
RDATA (I)<== IDATA(I)
End Do
(Determines if tabular or plot:t23d data ar=z desirczd.)
If PSF_OUTPUT_waanted then
Tall Table (RDATA)
End If
If PSF_PLOT_want2d than

Call Plot (32, RDATA, 1)

50
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End I<

(Calculates the lins spread fuacsion frem <hs poirt
spread function.)
Call LSF
(Determines if *abular or plottad data arz desired.)
If LSP_OUTPUT_wanted then
Call Tabl= (RDATA)
Else If LST_PLOT_wanted thz2a
Tall Plot (32, RDAPA,Y)
End If
(Calculaticn of Fourier Transfora of LSF.)
Input RDATA

(The maximum valus of ths azray TDATA iz 2t I=1. Thi

Zs pu* back in%*o array RDATA 213 folded over sc tha<
IDaTA (257) %o IDATA(5312) <is ta2 airror image of
IDATA (1) to IDATA(255). Then tiis array is rececrded
as RDATA and the Fourier transform calculated.)
Do for I = 257 %> 512
RDATA (I)<==
End Do
Do for I = 1 to 256
RDATA (514-I)<== RDATA(I)

End Do




RDATA(257)<== RD4TA(259)
Call FXTORYM

(Determines 1f tabular or plott2d data arz desired.)

If FXFORM_OF_LSF_JUTPIT _wanted then
~all Table (RDATA)
Else If PXFORM_OF_LSF_PLOT _wanted then

Tall Plot (32, RDATA,2)

t,

End I
(Dia of Cbscur/Diz of Jbj Lans in meters,RATIO=.064/.164)
(This is the measurement of thz ratic of

diameters of obscaration t> t2lsscope.)

0.164 meters)
If Laser_Sources = He-Ne then
Wavelength<== 6.328%2-7
Else
Wavelength<== 9,)5%*e¢-7
End If
(This begins the zalculation 2f *he Fouriar +«cansform
of the op*tics using the Airy functicn. All of =he
data regarding th2 sptics ars r2corded on 3 szparate file,)

{These n2xt Zour statemeats fic the constants In the

52
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argument of the optizs functiosa.)
R1<== Scale_Factor
D<== RATIO**2
H<== 1-D
Z<== PI*Scale_Factor*)bjectkl*e-6/Waveleng=-h
Do for I = 1 t> 256
<= Z*(I-1)

If ¥ > 30 tha2n

RDATA(I) <== 0
Else
RDATA (I) <== (AIRY(Y)-D*AIRY (Y*RATIQ) ) **2/4 %%
End I£
K<== I
End Do

rt

(R2cord RDATA on s2pacate filz)
{Determines if 2 plot of th=s optics function is desirzi.)
If OPTICS_FUNCTIJN_PLOT want2d zhen
Call plot (32, RDATA, 1)
End If
(Calculates the linz spread function of the op*tics
function.) A

Call LSTF

(Determines if a plat of th2 L3P of the osptics func%ion is

83




desiced.)
If PLOT_OF_LSF_OPTICS want23 then
Call Plot (32, RDArA,1)
End If
Do for I = 257 t> 512
RDATA (I)<== )

End Do

(Y

(]
L

'
0
w3
7}
In
9]
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i3

eé ov

w

g
[Te]
[
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gl
iy
1 ]
th
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B

<

O
(99
t
b
ot

(g7

se X0~

0

(cata
calculat=d.) 4
Do for I = 1 to 256
RDATA (514-1I)<== RDATA (I)
Zrd D>
RDATA (257) <== RDATA (256)
{Record BERDATA)
{(Fourier transforan of the LSF of Op%tics is calculat2ai.)
Call FXFORHY
(Petarmines if plit of Fourizr <ransform of Jp=ics
Zunction is desir2i.)
If PLOT_OF_FXFORM_OF_JPTICS wan*ted then
Call Plot(255,RDATaA,2)
End If
(Calcula<ion of ¢ta2 quotizat 2f “wo Fourier “rarsforms.)

(This section takes the Fouriar transfora of the systan
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end divides i+, point by p2iaz, by the Fourier =c2nsf:ca
cf +the optics. This yields taz nodula%ion +ransisr
function (MTF) of the atmospazra.)
Input RDATA_OF_FXFORM_OF_SOURCE
Do for I = 257 t> 512
RDATA (I)<== )
End D>
Do for I = 1 to 256
RDATA(S514-I)<== RDATA(I)
End Do ."
Input RDATA_OF_FXFORM_OF_JPTICS
Do for I = 1 to 256
RDATA(I)<== IDATA(I)/RDATA(I)
Erd Do
{De*ermines if a pildt ¢f <he AIF is desired.)
If PLOT_OF_MZTF_OF _ATMIS_wz2nt=2d +hen

Ta1ll Plot(32,RDATA,1)

End If

(Calculation of Cp2 by curva f£ic+ing.
This procedure is lescribed in Chapter III.)
(All "R" variables used in this calculation arce
initialized %o 0.)

R17<=2=R 18{==R19<==R20<==R21{==R22<==R23<==R2U<==]25< ==

(8
W

1 S e e T e PO WPty ==




{Analysis of data shows tha* compuzer %imz is wastzd

w

beycnd 96 points.)
Do for I = 1 t> 35

(R18 - when summed is ths (£(i1)19/3, This is the

total 5f th=2 angular spatial freguencies sjuared.)
R18<== ((I-1) *Scale_ractor) **(10/3)
R1K== R17 ¢+ R18

(R19 - when summed 1s =hz (3(i))5/3. IThis is

the total of the angular spatiil fr=quenciszs.)
R1K== ((I-1) *Scale_~factorc)*%*(5/3)
R20<== R19 + R20

(R21 - is +*he <otal numbar of points.)

R21K== I

Do While RDATA(ILI > D

o
rh
o
=
1]

{R22 - when summed is ths total of zhe proiuct
natural logarithm of each point with R19.)
R22<== 1n(RDATA(L:) *R19
R23<== R22 + R23
(k24 - when summed i3 +ha %¢o9tal >f <the nactural lecgarithn
of each point.)
R24<== Ln (ROATA(I))
R25<== R24 ¢ R25

End Do

v




(Output matrix valuzs for desoujyging.)
Output R17,R20,R21,R23,R25
(Assign value to matrix.
This section takes the abov:s czlculated values and
sets up a matrix. Th2 patrix =2gua*ion solived is
B = A-1%C,)

{C:

(1)

3t2 3 pazzizas A{Z,2) 43 (241),3(2,04)
A(1,1)<== R20

A(1,2) <= R21

A2, <= R17?

A(2,<== R20

INVERT_MATRIX_A

C(1,H<== R25

C(2,1) <=R23

B<== A%C

(Output matrix valaes for debuggiag.)

Qutput B(1,1),B(1, 2)

(Calculation of Cu2 using 2quaticn(2.3).)

R22<== B(1,1)/(-21.49%Range*R20* (Waveleng+h** (-, 33333)))
Output 'CNSQ=',R22

(The prograa now starts ths pradiction phase., It

calculates a sourc2 assumed :-> have a Saussiarc




T—

-

distributicn by means of ths zcoaputed souzce pattar:a

h

below. Using similar Fourizr transform tachnigue
the program uses the calculatad value of CL2? and pr=dices
the power incident on the tacgzt.)
(Computed Sourcs Pat*tern:d=A)*exp (~x**2/2%*Sigua**2)
{(This is an "arbitrary” Gaussian source pa<tern
with a standard daviation for Sigma set 2qual *c 2.}
A0<== A _ZZ2ZR20
C<== Sigma*Scale_Pactor
Do for I = 1 t> 236
F<== (I-1)*Scale_Facto:
S<== F**x2/ (2% C%*2)
Do While 5 > 13
RDPATA (DY <== 0
End Do
RDATA (I)<==40 *exp (=G}
End Do
(Record RDATA. This records -he computed source.)
(Dezaraines if plot of computzd source is desired.)
If PLOT_OF _COMPUTED_SJOURCE _wanted +hen
Call Plot(32,RDATA,D)

Bnd If

rn

(Calculates the lin2 spread function of ths computed

38




scurca.)
Call LSF

(Determines if a plot of ths LSF 0f the computed scur

is desired.)
If PLOT_OF_LSF_OF_COMP_SOURZE = 1 then
Zall Plot (32, RDATA,Q)

Znd If

M
r‘
[&F]
LeY]
O
th
Q
O
|2,

(Calculazion of =h2 Feourizro :tzaasioTa -

Do for I = 1 to 256

RDATA (514-I)<== RDATA (I)
End Do
RDATA(257<== RDATA (256)

Call FXFORM

th
r
s
3]

(Determines if a plot of the Fourier <¢racsform o

n

LSF of +the comput2d source is iesica4.)
If PLOT_OF _FXFIRM_OF_COMPUTSD_SOURCE_wanted =hen
call 2lot (255 ,RDATA,2)

BEnd If

~
~

(Calcula*ion cf th2 product 5f =wo Fouriar transforms.)
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(This 1s *he Fouriar =ransfccam 22 the coaputel scuits
with <he MIF cf a2 atmosphsr2,)
Do for I = 1 to 256
RDATA(I)<==
RDATA (I)_COMPUTED_SOURZE*RDATA(I) _FXFM_OF_HUTF
E=nd Do
(Product of FXFORM5 cf Sourca#*A+mospher=z#Jptics.)
RDATA (1) <==
RDATA( 1) _PRODUCT_JF_2_FXFMS*RDATA (1) _FXFU_OF_OPTICS
Do for I = 2 t> 256

RDATA (I)<==

l)J
~~
"y
-2
(o]
]
Q
g
+3
[
9]
&)

&
- - -

RDATA(T) _PRIDUCT_OF_2 _FXFUS*RDATA(T)

BDATA (514-1) <==2DATA(I)

(O]

nd Do
RDATA (257) <== RDAT A(256)

Fourier ¢ransforn

[{}]

(Tke above data preiicts wha: th
sf£ +the ertire system is, usiny zhe calculated
value of Cp2 for thes atmdospheric *urbulence.)
(Determaines 2f a plot of th2 rasulsc of Fourier =ransfsrca
is desir=4.)

If PLOT_OF_FXFORM_PRODUCTS war<ed then

Zall Plot (32, RDATA,2)

2nd If




(Inverse Fourier transform givsas target LSF.)

Call INVERSE_FXFJI3M

(Determines if & plot of the iaverse Fourier transfora
is desired.)
If PLOT_OF_INVERSE_FXFROM_wan+ted then
Zall Plot (32, RDATA,D)
End If

(Ccnver®s *arge+'s 21¢ dimenszisnzl LSF =2 =2

[¥4

two dimensional PSF by Abel triasform.)
Call ABEL
(Determires if a plot of the Ap2l transfora is desiced.)
If PLOT_OF_ABEL_XFORM_wanted *hen
Call Plot (32, RDAIA,Q)
End If
{Calculates the fractiosn of power insids cizclzs of radius
R. This predicts *he fractioa of power that will be
incident on target.)
RDATA(1)<== Q.25%*PT*RDATA (1)
Do for I = 2 to 256
RDATA (I)<== 2*PI*RDATA(I)+RDATA(I-1)
End Do
(Determines if a plot of the fraction of pawer is desir=d.)

If PLOT_OF_POWER_want2d +hea
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Tall Plot (32, RDAraA,Dy
End If

End Laser

(The following subroutines 1ire used in the Algorithm

Laser.)
Subroutine_Transf2r(Pile_Number)

(The *ransfer subroutine gets caw da%a, both prsamble

w

and data £rom the wiveform m2ss523s sent by <h

468, It processes th2 messag=s by findiag %he aiaimun

vaiue of the array <“hen subtracting this value fronm

each elemert in the array. This "zeros" taz acray.)
Ou+put 'Ensure 2jaipmsnt s2% up properly!

Output *'Continue #when reaiy'

Do While E = =1
("DATA" is the I/D buffer wherz the data froa the 468 are

sernt. The status >f the buffer is read while da%a are being

>

transierred. When th2 transfar is complestz, <-he interface
is clear=d.)

Da“a<== Transferred_Data

If Data_Traasfer_Compla2te then

E<== 0

End If




Znd Do
Ciear_Interface
N<== 1
{(This is where heaier format stops and 3ata begin.)
A<== pos(Data,'%')
Do for I = A+2 to 687 by 16
Do for J = 1 to 16
If£ J+¢I>388 then
RIL ==
N == N+ 1
End If

RJI<== num(Data(I+J})

n
ot
O
3
[
oY)
’.‘.
5]
]
o
-
r3d
F g
L]

(The numerical valu2s of each zlzaent are
YDATA (¥) <== RJ
N<== N+¢1
End Do
End Do
E<== miniaum(YDATA)
Do for I = 1 to 312
YDATA (I) <== YDATA(I) ~-E
RDATA (I) <== YDATA(I)
End Do

Store_RDATA (File_Number)
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Re*urn
Ernd Transfer

(This subroutine cal-ulates ths Line Spr2ad Function

for the previously ra2coried point spreadrfunction
by using esquation (1. 1).)

Subrout ine_LSF
(Depending on which file number has been passsd down
from the calling subroutine, =ither scal:z or scuczce
data are loaded.)

If File_Number = Scale_Data *hen

Input Scale data

RD ATA<==SCALE_DATA

Zise
Input RDATA
End If

Do for I = 1 t> 512
IDATA (I)<== )

End Do

Do for I = 1 t> 236
IDATA (I)<== RDATA (I)

End Do

(Plots have shown that computar “ime is 1d>st and no
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valuable information is 3zinzd beyond about 24 points.)
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Do for I = 1 t23 2%
J<= 1

Output I

Q<== IDATA (D)
Do While R < 24
R<== SQRT(I*I+J*J)
Q<==
Q+¢2*%((1-fraction(R)) *I (int (2)) +€fzacic
J<== J+1
End Do
IDATA(I)<==
End Do
Do for I = 1 t> 24
RD ATA (I)<== IDATA (I)
End Do
If File_Nunmber = Scale_Dat2 :then
Store_Scale_Data
Else
Store_RDATA
End If
Return

End LSP
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(This subroutine calculates th2 Fourier transform
of the given data using the Co>ley-Tukey Algori<hm.

If *he inverse statszment is true, then th:z iZnverse

Fourier transform is calzulatei.)
Subroutine_FXFORM

Set_Radian_Mods

(2**9=512 which is ths numbar 2f pcints.)

N<== 9

Do for I = 1 ¢35 512

IDATA (I)<==
End Do
If File_Number = Scale_Data then

Input Scale_Jdata

Inpu: RDATA
End If
T<== PI /2%* (N-1)
Do £2T J = 3 to 2%k (¥-1)-1
(BI is a bit inversion subroutine.)
Call BI(J,P,N-1)
C<== c>s (P*T)
IZ INVERSE_FXFORY = True <*hen

Pl37<== 1

76

vows




e

-
-5

End If
P<== sin (P*I)*(1-2*Flg7)
Do for I = 2%R0O*J+1 to 2%RO%J+RO
R1<== RDATA (D)
R2<== RDATA (L +R0)
R3I<== IDATA(I)
R4<== IDATA(I+RQ)
RDATA (I) <== IV1+R2*C+RY*p
IDATA(I) <== R3I+RU*C~R2*P
RDATA(I+R0) <== R1-R2*C-RU*P
IDATA(I+R0)<== R3-RU*Cex22*P
End Do
End Do
Jutput M
End Do
(This section is €or re-ordzring ¢the block.)
Do for I = 0 t> 2%#*N-1
Call BI(I,J,N)
Do While I-J < or =)
Do Whilz I 4% J

P<== RDATA(I+1) /SQRT(2%*%N)

17




Z<== IDATA(I+1) /SQRT(2%%N)
RDATA{(I+1)<== RDATA(J+1)
IDATA (J¢1)<== IDATA (J+1)
RDATA(J+1)<== P
IDATA(J+1)<== Z
End Do
RDATA (I+ 1) <== RDATA (I+1) /SQRT (2**X)
IDATA(L+ 1) <== IDATA (I+1)/SQRTI (2*%*N)
gnd Do
If Pile_Nuaber = Scalza_Data <then
Stor2_Scale_Data(File_Number

E lse

Stors_RDATA(Fils_VYamber)
End If
End D>
Set_Degrees_Mode

Return

(This subrcutine “ak=a2s the binary number 21 conztaining
P3 bits and inverts it end for 2nd, c.g. J10111 becom=s
111010.)

Subroutine BI (P1,22,?3)

P2<== 0
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Do £for Z = 1 Lo P3
P4 <== Pu4/2 :
P2<== 2%P2
If fraction(Pu4) % 0 thzn
P2<== P2 + 1
End If
Pu<== int (P%)
End Do

Rezurn

’,l

s func+tion calculates Aicy(x) =2*IJV{x)/x wherz J1(x)
“he Bzssel function of orsdar 2one.)

Function AIRYI(P1)

I P1 < 0 then

Qutput *ERRIR-ARGUMENT LESS THAN )J!

2nd If

I£ P1 = 0 *hen
RU<L== 1
Return R4

2nd I£ \

RS<== 0




£ P1 > 15 then

R6<== 90 + 21 /2

R12<== 1.4%21 + 50/P1
End If
If P1 <5 then

R6<s= 20 + 1)*%P1-pP1%%2/3

R12€<== 6 + ?1

Else
R6<== 20 ¢ 1)*pP1-pP1*%x2/3
R12<== 1.4%p1 + 50/P1
End If

R12<== maximum(iit (*12),in:(3+P1/4))

12 £2 86 by 3

ot

Do for 1 =
R8<== 1%e-29
R13<==R14<== (

If M/2 = inct(4/2) than

F1g10<== 0
Else

P1lg13<== 1
End If

Do for J = 1 to 1-2

R15<== 2*(M~-J) *R8/P1-R13

R13<== &8
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R8<==R15

If 4-J-2 =0 than

R4<== R1S
End If

If P1g10 = J th2n

F1310<== 1
Else

F1310<==
Erd IZ

R14<== R 14+2%R8*F1 310
End Do

R1X== 2*R8/P 1-R13

R14<== F14+315

R4 <==RU/R1U

If (abs(RU-33)-abs(Ri*1%x2-6)) < or = Q <hen
R4<== 2« RU4/P1

Erd If

Ve

Return RU

RS5<== R4
End Do
OQutput 'ACCURAZY NOT JIBTAINED'
Return RU

End AIRY h
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(The subroutine Abel takss 3 3i12-dimensional

line spread function and calculates a *wo
dimensional point spread function.)
Subroutine ABEL(FPil:_Number)
N<== RDATA (1)
RDATA(1)<== 1, 4*RDATA(1)~-1,3«RDATA(2)+.4*EDATA (3)
Do for I = 2 t>5 5%
M<== RDATA (I}
RDATA(I)<== . U4*N+, 2%4~_ 5%RDATA(I+1)

N<= N

End Do

4

[$))

Do for I = 1 &>
RDATA (I)<== R DATA (I) /(2*SQRT((I+. 1) **2-I1%T})
Do for J = 1 +o 54

RDATA (I) <==
RDATA (I) +RDATA (J) /SQRT ((J+. 1) ¥*2-T*T])

End Do
RDATA (I)<== RDATA (I)/PIL
Output I

End Do

Return

End ABEL

DT




I | :

(This subrcutine prints out 13ta in tabular form.)

Subroutine _TABLE(Fil2 _Nuaber)

Input RDATA (File_Numbar)
Do for T = 1 to> 32
Do for J =1 to 15

Jutput RDATA (16 (I-1) +J)

(V]

rd D2
Qu+put RDATA (16%I)
Return

End TABLE

ja+a.)

(e

(This subroutine plots the dssire
(Each time a plqt is calied, tils subroutias
plc+s *he particular graph z2ni labels i=,
The horizontal 2xis is labelzd according to> the ficst
and last parameters passa2d by ths calling subroutine.)
Subroutine_PLOT(P1,File_Number,?3)

Input RDATA(File_Numbar)

A== 0

1

w
A
it
[]
"

C<== pinimum(RDATA)
D<== maximum (RDATA)

IMINL== -, 1*(B~A)
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XMAX<== B+.05% (5-1)

YNINLC== C~-, 1% (D=])

YTMAX<== D+.05%(D-3)

E<== B
FP<== 10
{Using +he value of 21, th2 horizont2l ircremsnt £fcr ‘
plotting and labeling is detercmin=d.)
If P1 = 512 then
3<= 64 ‘
Else If P1 = 256 then
G<== 32
Zlse If P1 = 64 taen
3<== 8
Else
3= 4
End If
Plot B8,C,1

(This lines and places tic macks on the horizon+al axis.) 3
Do for I = & t2 3 by -G

Plot I*(B-A)/E+A,C,2

Plot I*(B-3A) /E+A,C+{D-2) /50,2
Plot I*(B-A)/E+A,C,2

End Do
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Plot A,I*(D-C)/F+C,2
Plot A+ (B-A)/150,1*(D-C) /FP+Z,2
Plot A, I*(D-C)/F¢2,2
End Do
Character_Size 1.2,1,.7,0
(This numerically labels th=s vartical axis.)
Do for I = P to 3 by -1
Plct A-.075%(B-3) ,I*(D~C) /F+C,1
Label I/F
End Do
{(This s2ts up a chacacter string for lab=iing +he verzical
axis.)
I£ P3 = 0 then
ASTRING<== 'DATA POINI3"

L<== 1

ASTRINGS== 'LINES/MIZRORADIAN"'
L<= 1/(2*L)
Bnd If
(This numerically libels th2 aorizontal axis.)

Do for I = 0 t> E by 3
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+ Plot A+ (I/E-.025) * (B-A) ,C-.025%(D-2) ,1
Label I*L
End Do

If pP3 # 0 then
L<== sScale_Factor
End If
(This labels +the horizcntal axis.)
Plot .4*(B-A)+2,.35*%(D-C)+C, 1
Label ASTRING
Plot =-.07#% (B-A) +A, .3*(D-C)+Z,1
Character_sSize = 1.2,1,.7,90
ASTRING<== 'NORMALIZED INTENSITY'
Label ASTRING
Character_size = .5,1,1.5,)
(This plo+s data.)
I<== )
Plot I, maximum(RDATA(I)),1
Do for I = 1 t> P1
Plct I-1,RDATA(D)
End D>
If P3 = 0 then
Input PLOT_iLABEL

ISTRING<== PLOT_LABEL
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Zaé If
Plot .6%*B,.9%D,1

Label ' ELOT OF!

Plot .6*B,.87%D,1

Label ISTRING

Plot .6 *B,.8u4*D,1

Label ESTRING, ' Laser!'
Return

Erd PLOT
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V. SUMMARY

The wvwork report2d in this <hesis supports the aodel
predictsd and measur23 in Crittander, and others, for the
long exposure case [R2f. 2]. Th2 vidicor, in replacing che
mechanical slit scanning syst2m, shows 05 degrading of <the
signal data. It 2lso demons%ratzss +that a 3>od approximatior
for the poin:t spr=ai <Zuactisn 1ay be mads by recordizg 2
single TV line through a laser spot. This lins is fhen used
to calculate the ose-3imensional line spread function. The
iinearity of the vidso *ape racorder is s22a in “he rasults

of the MTF and C.,2. Tha 468 Iscilloscopz is the workhorse

i
[11

or the =2n

Syst21. It 2ffectively displays, stoces,

rh

[

basi

w
' »
[71]
[ ]

digitizes, and transfars 3ata 291 a rzal +ia
The overalli systsr does 15t have the capabili=y 2f zhe
system dascribed by Crager. However, “he relazive

simplicity ¢f <*he structured programming technique couplad

Y]
"
w

b

[
w

<<h a lowver equipa2at cost 131=monstrates that coap

measursments and data evaluation using this equipment c3a b

(1]

mzade. Further investigatiin shsald include use of <Lz Da<:2
Precision 6000 digital wavef tva analyzaer thereby =z2llswing

data %> be samplad and analyzzd or a near real +*inms

pasis.
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ANNEX A - PROGRAM LISTING

"HE-NE:SOURCE ON 9,SCALE ON 7,& CCLLIMAIED CN 5":
"GA-AS:SOURCE ON 8,SCALE ON 6,&COLLIMATED CN 4":
ent "SELECT CCDE FCR PRINTER" ,A;dev "print",A
fmt 1,z2,c;tmt .2,£8.1,z;cmt 3,t8.1
aim I1${1024),K(512),¥Y({512],CS[20],DS(20],ES(20])
aim I[51Z2) ,AS%(32]),BS(20]),A(z2,2],B[<,1]),C[2,1]
bur "CATA",IS,3;ina Y ,I,R;0+R+Wsv+u;l-L;bur "I1",IS,3
beepr;asp "ENTIER LASER USED";welt 150¢
ent "HE-NE=1,GA-AS=0" ,i
1t w=1;"HE-NE"+ES$;9+{;JmF 2
"GA-AS"+ES; 8+
beep;dsp E$S&" SOURCE DATA RECCRDED?";wait 1500
ent "l=YES,0=NO" ,V
if V=0 and W=1l;srg 0;cll "TRANSFER (¢);Jmp 2
if v=0 and w=0;sfg 0;cll "TRANSFER (Q)
beep;ent "RLOT OF SOURCE?,1l=YES,(0=NC" ,R
1f k=l;cll "PLOT (512,C,0)
beep;asp ES&" SCALE CATA RECCRDED?";wait 15C¢
beep;ent "l=YES,G=NC",U
ir U=0 ana w=1l;stg 0;cll "TRANSFER (7+();3jmp 2
;: if U=0 ana w=0; sfg 0;cll "TRANSFER  (6-+C)
<l: beep;asp "wHAT IS SCALE FACTCR?";weit 1luGo
22: ent "“SCALE FACTOR=?;0 GETS FLOT" ,S
23: 1r S=0 ena U#0;w=2+¢;cll “BLCT "(512,¢,C)
24: if S=0 ana U=0;cll 'PLQT (512,Q,0)
25: it S=0;3ymp .-3 *
26: S-+L
<7: 1f wW=1l; 9+T+qnmp 2
28: 8=T+(
29: lat T,IS$,R(*]
.30: pos(IS,"R:")~B
.21l: val(1s8{B+2,B+4])»rl
.32: pos(IS,"IT:".)-B
33: IS(B+3,B+4)=-aS
34: lat T=-2,IS$,R[*]
35: pcs(IS,"R:")»B
.26: val(IS[B+2,B+4])=~r2
37: pOS(IS,"LT:")=B
38: Is8{B+3,B+4])~BS

b= C s oo 42 s 00 as S0 00 as o0
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39:

44:
45:

65:
66:
67:

72:

74:

8§4:

‘lar T-2,I$,R([*]

pos(I$,"R:") +B

val(Is[B+2,B+4])~+»r3

pos(1IS,"1LT:")+»B

I1S${B+3,B+4]+CS

if r2=rl and A$=B$ ana r2=r3 ana BS=CS;jmp 2
beep;asp "ERROR IN TIME SCALE";stp

*E":1df Q,IS$,R[*];ina Y;ara R+Y;C+A+B+C

for I=1 tc 512

A+Y[I]+A;if I<S1;B+Y[I]~B

if 1>463;B+Y[1]+B

next I;prt A,B

B/100+D; A-512*D~»A

tor I=1 tc S1g;y(I]-D»Y[I];C+Y(I]~C

1t C<A/2;1I+Jd

next I;prt C,Jd

for K=1 tc 256
Y{(J-K+L)mca512+1]+y[ (K+J-1) mcc512+1] +L[K]

next K;ina R;ara I+R

"IMAGE POINT SPREAD PCN"-+IS$;rcrt 10,IS,R[*]

beep;ent "PSF CUTPUT=1 AND/OR CCN1" ,2

beep;ent "PSF PLOT=1 AND/OR CONT",Y

if Z=1;cll ""TAELE (10)

if Y=1;cli "ELOT "(3z,1C,l)
min(I[(*))»r2Z;max(I[*).)+»r22

prt rzc,r23

peep;ent "LSF CUTPUT=1 AND/OR CCNT" ,Z

beeQ;ent "LSF PLOT=1 AND/CR CONT",Y

cll °LSF";"IMAGE LINE SPREAD FCN"~+IS$;rcf 1U,IS,R[*]
it Z=1;cll ‘TABLE "(10)

if ¥=1;cll "“PLOT "(32,10,1)

"CALCULATICN CF FXFORM OF LSF":laf 10,IS$,R{*];ina I
ara R-I

L{l1]+R[1l]);for 1I=2 tc 256

I{I])+»R{L]*R[514~1];:next I

R[(256}+*R[257] ;rct 10,IS,R{*]

cll 'FXFCRM ;"FXFORM OF IMAGE LSF"+IS;rcft 10,IS,R{*]
beep;ent "FXFORM OF LSF OUTPUT=1 AND,CR CONT",Z
beep;ent "FXFORM OF LSF PLOT=1 AND/CR CCNT",Y

if 2=1;cll "“TAELE "(10)

if y=1;cll ~‘PLOT “(32,10,2)

"B=DIA OF CBSCUR/DIA OF OBJ LENS IN METERS":
"B=0.064/.164":

"rl1=SCALE OF DATA IN MICRORADIANS,rl-+1.60":

"O=DIA OF CBJ LENS IN METERS;0=0.164M": '
"W=wWAVELENGTH IN METERS":




* M

€5: "CALC CF DIFFRACTICN LIMIT PCINT SFEREAD FCN":

b6: lna R;if w=l;6.328e~7+W;JjRnp =z

87: 9.0UCe=-T7+i

66: .064/.164+B;,.164+0;L+rl

89: B 2Z+D;1-D+»H; n*rl*O*le-6/W+2

90: for l=1 tc 5%

9l: 2*(I-1)~Y;if ¥Y>30;gtc +3

92: (AIRY (Y)-D* AIRY "(Y*B)) "2/H"2+R[I]

93: I+K;gto +2

94: O0+R[I]

95: txa .f;asp R[I];next I;"OPTICS FUNCTICN"»IS

96: rcf 11,1S,R[*]

97: beep;ent "OPTICS FCN PLOT=1 AND/CR CONT",Y

$8: it y=1;cll 'PLOT "(32,11,1)

95: sig 5;cll LSF’;"LSF OF CETICS FCN"+IS$;rct 11,I$,R[*)
10¢: keep;ent "PLOT OF LSF OF CPTICS FCN=1 AND/CR CCN1",Y
lol: 1ir y=1l;cll 'BLCT "(32,11,1)

162: srg 5;ina I;ara R+I;I[1l]~R[1]

1G3: tor I=2 to 256;I[I]»R[I]+R[514~I]);next I

104: K[256)+R[257]);rcr il ,I$,R[*]

105: cll ‘FXFCRM ; "FXFCRM CF LSF OF CETICS"~+IS$;rct 11,IS,R[*]
106: bteep;ent "PLOT COF FXFM OF CPTICS=1 AND/OR CONTI",Y

107: if ¥Y=1;cll 'PLOT "(256,11,2)

1068: "CALCULATICON COF CUQTIENT OF TWO FCURIER TRANSFCRMS":
109: lcr 10,I$,R{*];ina I;ara R-I

11¢: iaf 11,I$,R[*]

111: for +1=1 tc 256

112: I[{I}J/R[L]*R[I];next I

113: "MIF CF SYSTEM"»I3;rcr 10,15 ,k[*]

114: beep;ent "PLOT OF MTF OF S¥S=1 ANC/CR CONT",Y

115: 1t ¥=1;cll ~“PLQT "(32Z,10,1)

116: 0+rl7+rl16+r19+r20+r21+r22+r23+r24+r25

117: tor I=1 tc 96 !
118: ((I-1)*L)"(l0/3)~rls8 3
119: rl8+rl7+rl7

120: ((I-1)*L) " (5,/3)~+rl9

121: £rlS+r20-»r20

122: I+r21l

123: if R[L]<=0;gtc "CC"

124: (ln(R[I])+r24)*rl9+r23+r23

125: rzZ4+r25-+r25

126: "CC":next I .

127;: prt rl7,cr20,c21,c23,c25

126: r20+A[1l,1);r21+A(1,2);cl17+-A[2,1];c20+a(z2,2)
129: r25+C(1,1]);r23+C.[2,1]

130: inv A-A;mat A*C-+B;flt 5;aprt B

131: "CALCULATION OF CNSG": ]
132: B[1,1])/(-21.49*145*r20*w" (.~.33333))+r22 |
133: prt "CNSQ=",r22;stp !

a1




134:
135:
136:
137:
138:
139:
140:
141:
142:
143:
144:
145:
l46:
147:
148:
149:
15y
151:
152:
153:
154:
155:
156:
157:
158:
159:
160:
161:
lo2:
lo3:
164:
l65:
166:
l67:
168:
169:
170:
171:
172:
173:
174:
175:
176:
177:
176:
179:
180:
161:
162:

cfa ;laf 2

“TRANSFER" :beep;asp "ENSURE EWUIF. SET UF PROPERLY"

wait 15G0

asp "PRESS CONTINUE WHEN READY";stp

dasp "waiting”;wait 1500

butf "DATA";0-+2

tfr 7G3,"DATA"

asp "transferring®

rds("CATA")+E;if E=~l;3mp O

clr 703

dasp "setting output”

pos (IS,"%")+A;1+N

for I=A+2 tc 687 Lty 1lé6

tor J=1 tc lé6;if J+I>688; C»rd;jmp 3
num(IS{I+~J])+rd

rd»YIN]

N+1-N

next J

next I

min(y¥[*))+E;ror I=1 tc 512;¥¢¥[I])-E+¥Y[I];next I
ina Rjara Y+k;rcr pl,IS$,R{*];ret

"LSF":if tlg5;laf 11,IS$,R[*];Jmp =z

laf 10,IS$,R{*]

ini. I;ara R+I;tor 1=1 tc 24

1+J;asg I;L[1]+¢

vy(I*I+Jd*J)-+R .
2¥((l=trc(R))*I({1nt(F)}+Ltrc(R)*1[int{R)+1}))++¢
J+1+J;1it R<24;jmp -2

G»1{I]

next I;ina R;ara I+R;1f rigS;rct 11,IS,R(*];cry
ret pl

;Let

"FXFCRM" :rad;$+N;ina I;if rlg5;laf 11,I$,R(*];jmp 2

lat 10,1I$,R{*]

T/2° (N~1)-+T

for M=1 tc N;Z" (N-M)-r0

tor J=0 tc 27 (M-l).-1;cll 'BI "(J,P,N-1)
CCS (P*T)+C;sin(P*T)*(1-2*£1g7)+P

for I=z*r(U*J+l tc 2*r(G*J+rg
R(I}»cl;R[{I+r0])~»r2

I[I)+c3;I(I+r0)>r4

Ll+r 2*C+r4*P+»R[I] ;L3404 *C~c2*P+1[1]
Ll=r2*C~r4*P+R[I+1C); L3~r4*C+r2*pP+I1[{I+r0)
next I;next J;dsp M;next M

for I=0 to Zz°N-1l;c¢cll “BI "(I,Jd,N)

it I-3>0;gto "Bs"

if I=J;gto "INC"

R{I+1]/V(2"N)»P; L[I+1]/y(2"N)~»2
R{J+1L]»R{I+1L]);I[J+1}+1(1+1]

P+R{J+1] ;Z+1[Jd+1]

El




p—

211:

nes

INC":R{I+1]/y (2 N)>R{I+1);I[I+1)/v(z"N)+»I{I+1}
"BB":next I

1t rtlyS;recr 11,18,R{*];aeg;rec

daeqg;ret

"BI":0+RZz;El+*E4

tor =1 tc g3

F4/2+p4d;2*pe+p2

ir rrc(g4)#0;:pe+l+pz

int(p4) +c4d

next Z;ret

‘"AIRY":1f pl<(;beep;asp "errcr-argument<y";stp

it pl=0;1l-+r4;ret r4

0+r5;1if pl>15;Jmp 2
20+10*pl-pl”2z/3+r6;Jmnp 2

Yd+gpl/2+ré6

ir pl<E;6+pl+rlz; jmp 2

l.4*pl+6GC/plrlz

max(intrlz) ,.int(3+pl/4))+rlz

Lor »=rlz tc r6 bty 3;le-co-+ro;C+rli+ris

ste lu;lr ¥yz=int(er/2);crg Lo

fcr J=1 tcC M-2;2* (M~v)*rE/El-rl3+-cl5; 013
rlS+r3;1iL M-J-2=yu;rls5-+r4

cmf 10;rl4+2*r8*rlglC+»rld; next u
2*ry/pl-rl3-rls

rl4+rlsS~+rl4; ré/rld»r4

i1r acts(ra-ri).-aps(r4xle-o)<=0;2*rd4/pl»r4;ret r4
L4+r5;next M

beep;dsp "ACCURACY NOT CBTAINEL";welt 150C;ret r4
"TAELE" :1a0t p1,I$5,R[*] '

tor I=1 tc 3Z;rcr Jd=l1 tc 15

wrt "print.2" ,R{16(I-1)+u];next J

wrt "print.3" R{lel);next I;ret (=2
"PLCT":lat p2,IS$,Rk([*]
O-+A;pl+o;min(k{*]))»C;max(R([(*])+D

scl A-.1(B-A),B+h.CE4E-A) ,C-.1(C-C),D0+%.0E(D-C)
B+E; 1G6~F

ir pl=512;64-G

1f pl=256;32+G

1f pl=64; 5+G

1f £l=32;4+G

plt B8,C,1

ror I=£ tc ¢ ty -G

plt I(B-A)/E+A,C,2

glt 1(B~-A)/E+A ,C+(D-C)/150,2

plt I(B-A)/E+A,C,<

next I

tor I=0 tc F

glt A,I(D-C)/F+C,2

plt A+(B-A)/15%0,I(D-C)/F+C,2

g3




glt &,I(C-C)/F+C,2
next I;gen

: ¢cg12 1.2,1,..7

£txa 1
for I=F tc 0 ty -1
plt 2-.075(b-A),I(D-C)/F+C,1

‘bl I/F

next I

fxa 0

it p3=0; "DATA POINTS"+aS$;1-+L

if p3=2; "LINES/MICRCRADIAN"+AS;1/(2*L)~+L
for 1=0 tc E by G

plt A+(I/E-.0G24)(B-A),C-.025(D-C),1

bl I*L

next I;if p3#0 ana p3#<;"MICRCRADIANS"+AS
1f £Z=2;8~L

glt .4(o-A)+A ,~.0S(D=-C)+C; 1l AS

plt -.07(B-A)+A,.3(D~-C)+C;¢siz 1l.2,1,.7,9C
"NORMALIZEL IMTENSITY"+»A$;1cl AS

csiz .5,1,1.5,G;0-+1

glt I,max(RK{*]),1l

ror I=1 tc pl;plt I-1,R[I];next I

csiz 1.2,1,.7,C

if pZ#0;gtc +2

beep;ent "PLCT LABEL?" ,IS

plt .6B,.SD,1;1ctl "PLOT OF"

plt .6B,.87C,1;1kl 1§

glt .68,.84D,1;1icl ES," LASER"

FE€n;crg ;ret (=Y
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“COMFPUTEL SOURCE PATTERN":

ina R; 10C0+A;2*L+C;trk l;faf 1G
for I=1 tc 256

L* (L-1)+F

F 2/(2*C"2)+G

if G>13;jmg 2
A*exp(-G)+R[L};I+K; jmp 2

0+R[I]

next I

""COMPUTEL SOURCE"~+IS$

rcf 10,IS,R(*]

beep;ent "PLCT OF CCMPUTEL SOQURCE=1 ANLC/CR CON1",Y
ir ¥=1;cll ~'PLCT " (32,10,W)

"CCAVERTS BsrF IC Ls&":

cll ‘LSF’

"LSF CF CCMPUTED SOURCE"+IS

rctf 1C,IS$,R[*]

beegp;ent "PLOT OF LSF CF CCMP SCUKCE=1 ANL/OR CCH1" .Y
if Y=1;cll ‘PLOT (32,10,0)

"CALCULATICN OF FXFORM OF LSF GF CCMPUTEL SCURCE":
ina I;ara R+I

I{1}]+R[1]

tor I=2 tc 256

IL(I]-R[I]»R[514~-I];next I

R[z56)*R([(257);cct 10,18 ,k[*]

cll "'FXFORM’

“FXFCRM CF LSF CF CALC SCUKCE"-+IS;rct 1G,IS,R[*]
ceep;ent "PLCT OF FXFM CF CALC SRCE=1 ANL/CR CCN1T",Y
if ¥=1;cll 'PLCT "(256,10,2)

"CALCULATICN CF PRCLUCT OF 2 FXFORMS":

laf 10,1$,KR[*];ina I;ara R+I;trk O

lar 10,IS,R[*]

for I=1 tc 256

R{I]*L[I]+R[I];next I

rcf 10,IS$,R[*] .
"TRANSFER FCN OF SOURCE*ATMCSPHERE*ORTICS":

lat 11,I$,R(*];ina I;ara R+I

I{1]*R[1]*R[1]

tor I=2 tc 256

RII)J*L{I}*R{I]+*R[514~I]

next I

R[256]+R[257]

"FXFM OF SGURCE*ATMOS*QPTICS"~+IS

rcf 10,I$,K(*]

beep;ent "“PLOT OF FXFM PRCLCUCTS=1 ANC/OR COKN1I" ,Y
if ¥Y=1;cll "BLOT "(32,10,2)

85




40:
47:
48:
49:
50:
51:
5c:

53:

55:

66:

74:
75

86 ¢

8¢:
90:
91:
9z:
93:
94:

“"INVERSE FXFCRM GIVES TAKGET LSF":

SILg 7;¢1il FAFCRM ;cfg 7;"INVERSE FXFCRM"-IS
rcf 10,I$,R[*]

ceep;enc "PLCT CF INV Farfd=1l ANLD/CR CCONT" ,¥

if ¥Y=1l;cll “PLOT "(32,10,0)

“"CONVERTS LSF TO PSF BY ABEL TRANSFORM":

cll “ABEL’; "ABEL XFORM PSF"~+IS

rct 10,1I$,R[*];sfg O

beep;ent "PLCT CF ABEL XFCRM=1 AND/CR CCNT",Y
if Y=1;cll 'PLOT (32,1C,C);stp

"CALCULATES FRACTICN OfF POWER INSIDE CIRCLE OF RADIUS R":
«25*1*R[1)+R[1]

for I=2 tc 256

2n*I*R{I]+R{L~1]+R[I]

next I

"POWER FRCTN INSIDE CIRCLE"-IS

rcft 10,IS$,K(*]

peep;ent “PLCT OF POWEK=1 AND/CR CONT" ,Y

if ¥=l;clil °‘PLCT (32,1G,0)

stp

"LSF%:if flg8;luf 11,I$,R{*]:;jmp 2

laf 1v,1S8,R[*]

ina I;ara R+I;tor I=1 tc 24

1+Jd;asp I;I(I]-+Q

y{(I*I+J*d)-+K

2* ({(l=-zrc(R))*I[inc(R))+Lrc(R)*L{int(R) +1]) o +y
J+ 1+d; 1t ER<z4;3img -2

wsI(I]

next I;ina R;ara I»R;1f flgd;rcr 11,I$,KR[{*];cra ;ret cl
ret pl

"FXPCRM" :rac;9+N; ina I;1ir £lg5;lar 11,IS$,R[*};ymp <
laf 1U,IS8,K[*]

T/27 (N-1)=T

tcr M=1 to N; 2~ (N-M)+rG

-

fer J=0 tc Z7(M-1l).~l;cll "8I (J,P,N-1)

.CCS(F*T)+»C;s1n(P*T)*(1~2*L£lg7)+P

for I=Z*rd*Jj+1 tc z*rQ*Jd+rg
R[I)+rl;R(I+rQ]~»c2

I[I]+»r3;L{I+rC}+r4
Cl+c2*C+r4*P+KR|[1];C3+r4*C-r2*P->I[1]
Ll=r2*C-r4*P>R[I+r0] ;r3~r4*C+r2*P+1({I+r0]}
next I;next J;dasp M;next M

for I=0 tc z"N-l;cll “BI°(I,J,N)

if I-3>0;gto "BE"

1f L=Jd;gto “INC"

R{I+1]) /vy (2 N)+P;L[I+1])/y(2"N)+2Z
R{J+1]»R{I+1]);I[Jg+1l}»L[I+1]]
P+R([J+1];2-I(J+1]

"INC":R[I+1)/y(2 N)*R[I+1);I[I+1])/vy(2 "N)=+L[I+1]
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S6:

97:

98:

99:

10G:
101:
102:
103:
104:
105:
1006:
107:
108:
109:
110:
111:
112:
J13:
114:
115:
ll6:
117:
116:
119:
120:
121:
12z
1lz3:
124:
125:
126:
127:
1z8:
129:
130:
131:
132:
1:3:
134:
135:
l3e6:
137:
138:
136%:
140:
141:
142:
143:

"EB" :next I

ceg;ret

"BI":0+-pz;pl+pd

tor Z2=1 tc p3
F4/2+p4; 2*pe+pe

if trc(pd4)#0;p2+l+pz

int (p4)+p4

next Z;ret

"ABEL":ina R;lcf 10,I$,R[*];R[1l]+N
1.4*R[1]-1.8*R{2]+h.4*R[3]+*R[1]
for 1=2 tc 64

R{I]~-M
<4*N+,.2*M~.6*R[I+1]+*R{I];M»N;next I
for 1=1 tc 64

RII]/(2*y((I4.1) 2-1*1))=+R[1]

for J=I+1 to b4
R{IJ+R[J])/¥((Jd+.1l) "2-I*1)+R[I]
next J

if R[L]<.01;0~K[I)}
R[(I})/n+R[1];asp I;next I

for I=65 tc £12;0+R[1]);next I;ret
"PLOT":1df pz,IS,R[*]
O+A;pl+B;min(R{*])+C;max(R(*])~C
scl A-.1(8-A) ,B5+.05¢B~A) ,C-.1(C-C) ,0+.05(D=-C)
B+£;10+F;if £1g0;prt A ,B,C,D

it pl=51Z;64+C

if pl=256; 32-+G

1f pl=¢€4; 8-G

1L pl=32;4-G

glt B8,C,1

for I=E tc 0 ty -G

plt I(B-A)/E+A,C,2

glt I(E-A)/E+A ,C+(D.-C)/150,2

glt I(B-A)/E+A,C,2

next I

for I=0 tc F

rlt A,I(C-C)/F+C,2

plt A+(B-A)/150,I(D-C), "+ ,2

glt A,I(C=-C)/F+C,2

next I;pen

csiz 1.2,1,.7

txa 1

for I=F toc 0 ty -1

plt A-.075(&-A) ,I(D-C)/F+C,1

lbl I1/F

next 1

£xd 0

if g3=2; "LINES/MICRCRADIAN"+AS; 1/ (2*L;+L
for 1=0 tc E by G
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id44: plc A+(I/E~-.(23) (B-A),C-.025(C-C),1
145: '1bl I*L

l4o: next I;if p3#2;"MICRORALDIANS"»AS
147: ir p3=2;S-L

148: plt .4(B-A)+A,.-.G5(D-C)+C;1lbl AS
149: plt ~.07(B-A)+A,.3(D-C)+C;csiz 1.2,1,.7,59C
150: “NORMALIZELD INTENSITY"-AS$;lbl A$
151: ¢siz .5,1,1.5,0;0~+I

152: plt I,max(R{*]),1l

153: for I=1 to pl;plt I-1,R{I];next I
154: ¢siz 1.2,1,..7,0

155: plt .6E,.SD,1;1pl "PLOT CF"

156: plt .6B,.87D,1;1bl I$

157: plt .6B5,.840,1;1bl ES$," LASEK"

156: "RET":pen;ctg ;ret 0-+Y
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